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COMPOSITIONS THAT MEDIATE KILLING 
OF HIV-INFECTED CELLS 



5 



Tedmical Field 

Tiiis qiplicatkm relates to phannaceutical compositions useful in the 
treatment of human immunodefidoiQr virus (HIV) infections and particularly 
10 ttose useful for stimulating killing of HIV-infected cells by cytotoxic T 
lymphocytes. 

Background 

The primary immunologic abnormality resulting from infection by 

IS HIV is tiie progressive dq>letion and functional impairment of T lympho^tes 

^pressing the CD4 cell surface glycoprotein (H. Lane a M., Ann. Rev. Immunol. 
2:477 [1985]). CD4 is a non-polymorphic glycoprotein with homology to die 
immunoglobulin gene siqierfiunily (P. Madden ^ Cdl ^:93 [198S]). 
Together wifli the CDS 8ur£ue antigen, CD4 defines two distinct subsets of 

20 inaturepenpheralTceills(E.Reinherz^al.,CeU 12:821 [1980]), which are 

distinguished by tbst ability to interact widi nominal antigm targets in tiie contect 
of dass I and class n msjor histocooqatibility complex (MHQ antigens, 
respectively (S. Swain, Proc. Nad. Acad. Sd. 2&:7101 [1981]; R Bigleman £t 
gi., J. linmunoL 122:2124 [1981]; H. Spitz §i al., J. Immunol 122:1563 [1982]; 

25 W. Biddison fit M., J. Exp. Med. 156:1065 [1982]; and D. Wilde ^ al., J. 

Immunol. 1^1:2178 [1983]). For die most part, CD4 T cells display die 
helpa/induca T cdl phenotype (E. Rdnherz, suora^ . alUiough CD4 T cells 
characterized as (^totoxic/suppressor T cdls have also been idmtified (Y. Thomas 
^ Mm J. Exp. Med. 154:459 [1981]; S. Mauer ej Pioc. Natl. Acad. Sd. USA 

30 22:4395 [1982]; and A. Krensky ^ al., Proc. Nad. Acad. Sd. USA 22:2365 
[1982]). The loss of CD4 hdpo/inducer T cdl function probably underlies die 



wo 93/08829 PCr/US92/09550 

2 

piofinmd defects in cellular and humotal immimity leading to the opportunistic 
infections and malignancies diaractaristic of the acqidied inimunodeficienqr 
syndiome (AIDS) (H. Lane supra) > 

Studies of HIV-I infection of firactionated CD4 and CDS T cells 
5 £com normal donors and AIDS patients have revealed that depletion of CX>4 T 

cells results from the ability of HIV-I to selectively infect, replicate in, and 
ultimately destroy this T lymphocq^ subs^ (D. Klatzmann Mm Science 22£:59 
p.984]). The possibility that CD4 itself is an essratial component of tiie cellular 
receptor for HIV-I was first indicated by the observation that monoclonal 

10 antibodies directed against CD4 blo^ HIV-I infection and syncytia induction (A. 
Dalgjdsh ^ sL^ Nature [London] ^:767 [1984]; J. McDougal ^ gi., Sdrace 
221:382 [1985|; and Oe finding that HIV-I tropism can be conferred upon 
ordinarily non-pennissive human cells following die stable ea^ression of CD4 
cDNA (P. Maddon ^ at*, Gell iZ:333[1986]). Furdiermote, die neurotropic 

IS properties of HIV-I, reflected by aliigh inddace of central nervous system 

dysfenction in HIV-I infected indivuiuals (W. Snider^alM Ann. NeuioL 1^:403 
[1983])> and the ahili^ to detect HIV-I in Ae brain tissue and cerebro^inal fluid 
of AIDS patints (G. Shaw ^ Mm Sdmce ^:177 [1985]; L. l^pstdn, AIDS Ses. 
1:447 [1985]; S. Kbenig, Sdence 221:1089 [1986]; D. Ho fit al., N. Engl. L 

20 Med. £11:1498 [1985]; J. Levy ^ sL.y Lancet S:586 [1985]), s^pears to have its 

explanation in the GqxressiQn of CD4 in cdls of neuronal, glial and 
monoq^macipphage origin (p. Maddon, ^:444 [1986]; L Funke ^ M., 
Exp. Med. 1^:1230 [1986]; B. Tourvidle^iL, Science 224:610 [1986]). 

In addition to detemuning die susceptibility to HIV-I infection, the 

25 manifestation of c^b^aihic effects in die infected host cell appears to involve 

CD4. Antibody apinst CD4 was found to inhibit the fusion of uninfected CD4 T 
cells widi HIV-I infected cdls in vitro : moreover, the giant multinucleated cells 
produced by this evot die shortly after being formed resulting in die depletion of 
the population of CD4 cdls (1. lifison ^ al., Scimce ^:1123 [1986]). 

30 Formation of syncytia also reqmres gpI20expi^ and can be didted by oo- 
culturing CD4-positrve cdl lines widi cdl lines e^ressing the HIV-I my gene in 
the absence of otfier viral structural or r^ulatory proteins (T. SodrosId^M-9 
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Nature 222:470 [198Q; J. Lifion ^ il., Nature 222:725 [1986]). Thus, in 
mediatmg bo& the imlial infisction by HIB-I as well as eventual cell death, the 
inteiactUm between gpl20 and CD4 constitutes one of several critical entry points 
in the viral life cycle amenable to therapeutic intervention (H. Nfitauya gt al., 
Nature 225:773 [1987]). 

Hie Imown sequoioe of the CD4 precursor predicts a hydrophobic 
signal peptide, an extracellular r^on of approximately 370 amino adds, a highly 
hydrophobic stretch wilh significant identity to the membrane-spanning domain of 
flje class n MHC beta diain, and a highly charged intracellular sequraice of 40 
residues (P. Madden, CeU 42:93 [1985]). The extracellular domain of CD4 
consists of four contiguous r^ns each having amino add and structural 
similarity to the variable and joining (V-J) domains of immunoglobulin light chains 
as well as rdated regions in other members of the immunoglobulin goie 
siq)erfimiily. These structurally similar regions of CD4 are termed tfie V,, 
V3 and domains (denominated M in Figure 1). 

Some woik preliminaiy to the present invention was described in a 
publication firom the laboratory of die present invent^^ namely L Berg^alM 
Proc. Natl. Acad. Sd. USA, 28:4723-4727. However, this publication describes 
only bispedfic antibodies with oonqdete Fc and CD4 domains and not other 
bispedfic molecules. As noted in die publication, only dinical testing can 
determine whedier such compounds tiiat contain both CD4 and anti-CD3 regions 
along wifli other binding i^ons, such as tiiose for the Fc lecqrtor and MHC class 
nantigras, will be of clinical value. 

Accordingly, it is an object of this invention to produce 
phannaoeutical compositions containing CD4 derivatives useful in the treatment of 
AIDS and related conditions, in a manner essmtially unaffected by the extreme 
d^ree of goietfe variation observed among various HIV-I isolates and their 
respective polypeptides (J. CofSn, Cell 4fi:l [19861), In particular, it is an 
objective to prepare compositions containing molecules for directing cytotoxic T 
cells to cells exhibiting HIV antigens, e.g, HIV gpl20, on tfieir surfices so that 
the infected cells can be destroyed using molecules that are particularly designed 
for dinical use. 
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SUMMARY O F THE INVENTTON 
The objects of tbis invwfion have bem accomplished by providing 
phannaceadcal compositions containing a pharmaceutically acceptable carder and 
an effective amount of a molecule that is bispedfic and that can easily be produced 
5 by techniques of genetic mgineering from readily available genetic sources. One 
specific bindmg region of the molecule, genially referred to herdn as a binding 
domain, consists of a portion (or all) of a CD4 variable region that is capable of 
binding to HIV gpl20 while tte odi» binding region (binding domain) exhibits 
spedfic binding affiniQr fer a cytotOKXC T cell^ typically via an anti-CD3 binding 

10 region of an antibody . The bispeci&mdecules used in compositions of the 

invenfian, lefened to heran as "bispecs," aie able to mediate the lolling of cdls 
infected with HIV virus <tf any stndn by ototoxic T odls of any siMB(^^ It is 
no longer necessary to direct an antibody spedfically to die HIV virus or to any 
particular dass of T lyn^hocytes. 

IS Several types of Bispecs are particuladypiefened. Ihese inchide smgle 

polypqitUe chains with a a>4 region at one end and an anti<3>3 region at the 
other end, typcsSfy^xspaxedbys^^^ 

molecule onto antK3>3 variable region domains of an anti*a>3 antibody, uang 
techniiiues of goietic mgmeering. Altecaadvely, modified antibody molecules can 

20 be prepared, in which oni^ arm of the antibody is d^ived from an anti-CD3 
antibody and the oflier arm is derived from a CD4 molecule. These antibody 
molecules are preferably designed to be specifically useful in clinical situations by 
incorporating deletions of non-spedfic bindmg regions in, for example, the Fc 
r^on of the antibody chain, so tiiat undesired bmding, and thus indiscriminate 

25 cell killing, does not occur* Bispecs of the invwtion, as desoibed in detail below, 
have been diraionstcated to mediate killmg of HIV infected cells in thepresraoe of 
completely mrelated qrtotmdc T lyq^hoq^, 

BRIEP DESCRlPTrON OF THE DRAWINGS 

30 Kgurelisasdianaticrqxiesentationof diestractuieof aGD4 

moleculeandof a typical immun(^bidindia]n exemplified by the yl antibody 
chain. CD4 and yl are shown in tfie first two lines of flie Figure 1. Thetiiird 
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line of Figme 1 shows the four inununoglobulin-like domains of CD4 as a separate 
soluble entity, as they can be prepared by techniques of recombinant enpn^nz 
(sohible ICD4). The last two lines of Figure 1 show two fusion proteins formed 
by finking various CD4 domains to the constant region of the 7I immunoglobulin 
diain. The first of these two representations, indicated by CD42^i, consists of 
the first two domains ofOM linked to the constant region of 7I. The last line of 
the Figure, identified as CD4^j, shows a construct in which the first four 
domains of have been attadied to the constant i^on of 7I. 

Figure 2 is a schematic represoitation of a bispedfic antibody. The 
left arm of flie molecule consists of the fusion protein CD47I linked to « light 
diainby a disulfide bridge; the right arm consists of a Yl,ic pair. Thel^arm 
binds to HIV gpl20 of any strain. The right arm of the bispedfic antibody hinds 
to CD3, a con^xment of the T cell receptor, and, dieid>y, activates the ^toxic 
T ceU. CD4.1, CD4.2, CD4.3, and CD4.4 are immunoglobufin-like domains of 
CD4; CHI, CH2, and CH3 are constant region domains of yl chains; VH is the 
variable r^ion (tf yl heavy chain; VL is the variable region (rf «. 

Figure 3 is a series of schematic representations of autotBdiogx^hs. 

(a) AutoFBdiognph obtained after SDS-poiyaaylamide gel dectraphoresis of 
[^SJmelhionine-labded immunoglobuUn chains produced by hybiidoma M-T301 
(Iane2)andthetnnsfeetoma(lane3). Lane 1: molecular weight slandaids. 
Cells were incubated for 20 min in BFMI containing I^^S]metfaionine. Proteins 
were immunopredpitated from tysed cells using goat antibody to mouse 

immunoglobuBn followed by SjlBBtt. The predpitate was reduced and analyzed 
onalO%gd. The band at a moL weight of drca 40,000 presumably lepresents a 
tinncated immunogldralindiain oicoded by a silent allde; it is not secreted [see 

(b) ]. (b) Fhiorograph obtained after SDS-polyactylamide gel dectraphoresis of 
[^^Sjmediionine-labeled immunoglobulin from the siq)ematants of hybridoma M- 
T301 Oane 1) and die transfectoma (lane 2). Matoial in lanes 1 and 2 was 
reduced before bdng loaded onto the gd. Far left lane: molecular waght 
standards, (c) Ntm-reduced predpitates from M-T301 (Lane 3) and the 
transfectoma (lane 4). Positions 1, 2, and 3 indicate M-T301 immunoglobulin, 
bispedfic antibody, and CD4yl,K tetramecs, respectivdy. (d) Lane 4 of Figure 



3(c) was cut out and lenmimdKiedudngoonditiom^ (e) Ttansfiectoma 
su|)eniatant purified over an antl-CD4 column, dectipphoiesed non-ieduced or 
afierxeducdon. (i^ Non-zeduoed mateiM dectiophoiesed as in Figuie 3(e) ler^ 
under ledudngcondilions. Positions 1 and 2 indicate bispedfic antibocfy an^ 
CD4y1,ic dimers, lespectiveiy. Staining in 2(e) and 2(f) was wiA Commassie 
blue^ 

DESaaPTTON OP SPEOPrC EMBODIMENTS 
Aldiougb AIDS patients lose HlV-spedfic cytotoxic T cells, their 
remaining CDfrpositive T ^m^hocytes maintain qrtotoadc function. To exploit 
fiiis &ct^ we have constructed Mspedfic molecules, usually a modified form of 
antibodies, that direct ototoxic T lynqpliocytes of any spedfidty to cells diat 
eatress gpl20. These biqiedfic mcdecules ("bispecs") comprise an anti-T-cdl- 
spedfic-antlgen binding rpgion and a OMie^on; e.g., one heavy/light dudn pair 
fiom an antibody to a CD3 antigen linked to aheavy diain whose variable region 
has been rqdaoed wilh sequences fiom CD4 plus a second light chain, CD3is 
part of the anli^ receptor on T cells and is responsible for signal transduction 
and is used throui^ut dus specification as the exemplary (and pce&red) 
qftotoxic-T-cdtspedficanti^^ lafhepcBsaceofbispedficmolecides of these 
spedfidties, T cdls of inelevant spedfidty efifectiveLy lyse HlV-in&cted cdls, as 
shown by the exan^Ies bdow in whidi this ^totoxidtir has been demonstrated. 

Jt was previously known that human p^pheral blood lymphocytes 
caa IdllHIV-in&cted cdls in vitro in the presmce of monodonal anti-£pl20 
antibodies chraiically cross-linked to monodonal antibodies to CD3. We have 
improved upon dds scheme ia two ways. First, we have replaced the diemical 
linkage with a biodiemical one. By transfection we produced a cell line 
escpressmg molecules of both spedfidties. This line secretes, among odier 
products, the desired bispedfic molecules* Second, we have replaced the anti- 
gpl20 monodonal antibody, whidi was strain-specific and, dierefore, of limited 
thers^eudc potential, by a C3M derivative, sudi as a CD4y1 diain; in tins 
exanrple the heavy antibody chain consists of die first four imtnunoglobulm-like 
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domains of CD4 fiised to the whole constant r^on of mouse 7I chain. HIV 
cannot mutate out of the binding capability of CD4 without losing its ability to 
infect cdls via thet membrane CD4 molecule, so that this and other bispecs will 
be efiective a^unst any HIV strain. 
5 Ihe word "domain" is used in this specification in the same manner 

as it is used in biochemistry to describe i^ons of molecules, usually proteins, 
that iatmict with other molecules or have other properties restricted to one (or 
more) region of the total molecule. In its broadest sense, a domain is simply a 
regi(m of a molecule that is associated with a particular physical or chemical 

10 property, such as binding to another molecule. This region is generally but not 

always comprised of a single continuous segment of the amino acid sequmce that 
makes up the total protein. As used hemn, a "domain" preferably refers to such a 
continuous segment. In the fidd of immunology, "domain" has come to have a 
more specialized meaning, namdy one of the roughly spherical regions of an. 

IS antibody diain that are linked to eadi odier to form an immunoglobulin chain (or a 
omilar region of another nmiber of the immunoglobulin super£Eunily of 
molecules, sudi as CD4). The particular ineaning of domain as used herein will 
be dear fi:om tfie context, but gaerally (kxmain is used in the broader sense 
defined above unless it is used to refier to one of the immunoglobulin (or 

20 immunqglobulin-like) regions of an antibody chain or CD4 molecule that is 

specifically referred to as a domain in the sdentific literature. For eKemplification 
of the ixieanixig of domain as it is used in context of inunuiioglobulin and C3>4 
segments in the sdentific literature, see the publications discussed in the 
Badcground section of this specification. 

25 Jn addition to bispecific antibodies, the invention can be practiced 

with other molecules that are bispedfic in the same mann^ as the antibodies 
described above. For example, the immunoglobulin-like domains of a CD4 
molecule can be linked to a molecule retaining its spedfidty for CD3 in any 
&shion, induding using linkers (usually short polypq)tide chains), to provide a 

30 bispec of the invmtion. A particularly preferred hispec is prepared as a fusion 

protdn in whidi one &id of the molecule is a CD4 domain or domains and the 
other end of tiie molecule is a bindii^ region for CDS. Such molecules can 



wo 93/08829 



PCr/US92/09550 



8 

xeadEy be prepared as fiised proteins by goedc engineerizig by linking coding 
legions togetiier, such as liie coding r^on for one or more domains of CD4 and 
fhe coding legion for at least die bmding legion of one strand, jaeferably the 
heavy chain variable region, of an antirCDS antibody. Recat work has shown 
5 that singile-stranded antibody chains retain spedfidtjr for fheir specific antigen 
(discussed below in more detail)* See, for example, the techniques described in 
Ward £t sL^j Nature, MI:S44 (1989). Eqnession of the resulting polynucleotide 
results in producdon of a fosed protdn containing two regions with the desired 
pnmaiy amino add structures. 
10 Rxregcample» a singlendiain polypeptide of die inv^tion can be prepare 

by linkup tQgedier die codiiig x^ions for at 1^ 

domain, for Vh and Vli and for Q.. The lesulingmigjepolypqrtide will dius 
contain bodiVL and Vh. Thisisxeadily achieved by inserting a polyp^tide linker 
between Vh and Vl. Bxanqdes of molecules pc^axedm diisinanna axe giv^ 

15 bdow. A partiraladypc^saed example, D-VbtV^^ 

effective l^odleagues of die present inventors. In di^ molecules, Vr and V^^ 
are linked via a short p^tide luiker in order to provide sufGci»t fleidbility for the 
antibody binfing she to form. However, die CD4 domain can be attached diiecdy 
to die N terminuses the Vh domain. In the nidecule diat has been eiqxressed, die 

20 CD4 domain has its leader sequraoe for seccedon from mammalian cells, but die 

leader sequences of tlie Vk and Vt, are not preset. In prefexed embodiments, die 
C« r^on is retained in ord^ to assist in folding and stability of die antibody part 
of the molecule, even if odier ddetions occur, as discussed in more detail bdow. 
Constructs that comprise oitire antibody and CDA domains (radier dian parts of 

25 domains) are also prefeixed for ease of folduig, expression, and genetic 
manipulation:* 

Whether any particular construct retains its abili^ aft^ folding to cany out 
the deshed binding fonctions can readily be determined by simple binding 
experimmts* For exan^deteclably labeled gpl20 molecules can be used in a 
30 vaiiety of well-known tedmiques to determine the ability of die CIM portion of 
diem6Ieraletohmdgpl20. Sunibily, detectaUylabded CD3 antigen can be 
used to ^etgmwnft whedier the anti-CD3 portion of the molecule xetams its binding 
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ability. If desired higher binding affinity or greater spedfidty^ 
oonstiuct can be prepared that encodes two proteins, one being the fused 
CIM/antibody diain (e.g., with an antibody heavy diain) and the other being the 
remaining anti-CD3 antibody chain (e.g., the light chain). Ejqnession of the two 
protdns ooncuzmitly will result in assembly of tfie lig^t and heavy diains to form 
one light^eanty chain pair (i.e., (me aim of an antibody against CX>3) with the 
CD4 domain being attached to one of the antibody chains. 

When assembled in this fashion, it is prefeuBd to have the antibody binding 
domain at flie N terminus of the fused molecule and (in some embodiments) to 
include at least part of the constant region of the two antibody diains for ease of 
post-eq>ression ass«nbly. Howeva, other embodimoits eliminate all or part of 
one or more constant r^ion domains, as discussed in more detail below, in order 
to eliminate undesiied binding of the antibody Fc s^on to other cells and/or 
molecules. Hie CD4 r^on is normally attadied in sudi constructs at tibe C 
tenninus, although the aUeinative order can occur as wdL Sudi gen^ constructs 
are prepared in ttie same manner as is described in detail bdow for the production 
(tf bispecific antibodies of tfie invention taxept for ihe oider and/or selection of the 
s^ments fhat are spliced togedier. 

Anofiwr preferred onbodiment uses the concept described by Ward 
Si sl.3 Nature, M1:S44 (1989), in which single antibody diains are prepared that 
retain binding qiedfidty, yiAatt the first or the first two domains of the heavy 
diain are linked by a p^tide bridge to tiie first domain of or the complete light 
diain. The residting single antibody diain can be readily fused to a CIK domain 
or domains as desoibed herein, using, in prrferred embodiments, the same linking 
groiqis to attadi the two antibody variable regions. The resulting single-diain 
protdn, which is readily produced by gaietic engineering and expression, has a 
structure such as D-Vl-Vjj-C^, D-Vg-VL-C^, ^^jf^j^^X' ^H"^L"^k"^' ^L" 
Vg-C^-D, Vg-Vj^-Cj^-D, and other similar combinations in whidi a portion (D) 
of CD4 tiiat retains its binding a£5nity for gpl20 is fused to variable (V; heavy 
and light chains) and constant (Q domains of an anti-a)3 antibody. Piefened 
fusions have a CD4 domain or domains at one terminus of the polypeptide chain 
and the antibody domains at the otiier terminus. Additional amino adds can be 
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piesent in central portions of fhepolypqitide (Le., betwem CD4 and antibody 
domains) without adveisdy affecting bindmg afBnities. 

Bispecs of the invention can leadiiy be prq^axed using existing 
souices of goietic matedal mcoding the indicated spedfLc molecules. However^ 
5 the invention also enconq^asses variations derived from the original material that 

has been modified by techniques of g^etic and protein oigine^g to provide 
additional desirable properties in the resulting bispecs. Those bispecs that have 
the same amino add sequence (m thdr relevant portions) as can be found in 
naturally occurring CD4 and anti*C3>3 molecules are refi^red to herein as 

10 "natural-seqnmce bispecs." Tins invention, howev^, is also ccmcerned with 

amino add sequence variants of natnral-sequaice bispecs. Amino add sequmce 
variants of bispecs are prepared vnA various objectives in mind, including 
increasing (he afBniQr of tiieUspec for its binding partner, fidlilating flie stability, 
purification and ^i^aration of tiie hi^, increasii^ its plasma half life, 

15 impxmngthecq^eutic efficacy as descdbedab^ 

additional fimctionaBfies and lessening Ifae severity or occurrence of side eflSects 
durii%thenQ)euticuseof1iiebispec. Amino add sequence variants of tnspecs fidl 
into one or a combination of insertional, substitutional, and ddetional variants, as 
vfSL be discussed in detail below. 

20 In a specific embodiment of abispec of the invention, one or more 

GD4 immunogilobulin-like domains, which may be homologous dther to the 
constant or to the variable region domains, or any other iragmmt of CD4 (as long 
as the CD4 sequeace retains its ability to bind gpl20) is conjugated with an 
immunoglobulin constant region sequ^ice. Immunoglobulins and certain variants 

25 thereof are Imown and many have been prqrared in recombinant cdl culture. For 
example, see U.S. Patent 4,745,055; BP 256,654; Faulkner fit M., Nature 228:286 
(1982); EP 120,694; EP 125,023; Moirison, J. Immun. 122:793 (1979); Kohler ^ 
M., P2TJLS. USA2Z:2197 a^SO); Kaso ^iL, Cancer Res. 41:2073 (1981); 
Morrison A M^t Amu Rev. BnmnnoL 2:239 91984); liforrison, Sdence ^:1202 

30 (1985); Morrison A ^, P.N.A.S. USA fil:6851 91984); EP 255,694; EP 

266,663; and WO 88/03559. Reassorted immimo£^obulin chains also are known. 
See for example n.S. Patent 4,444,878; WO 88/03565; and EP 68,763 and 
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references dtfid therein. For pnNiucticm of single antibody (±au^ 
binding spedfidty, where the first or the first two domains of die heavy chain aie 
linked by a peptide tmdge to die first domain of or die complete light chain, see 
Ward St il-. Nature, M1:S44 (1989). All of diese patents and otiier pubUcations 
are herein incorporated by reference. 

Ordinarily, the domains of CD4 diat are homologous to 
immunoglobulins and extracellular in thdr native environmrat are fused C- 
terminally to the N-terminus of the constant r^on of immunoglobulins in place of 
the variable rBgion(s) tiiereof, retaining at least functionally active hinge, CH2 and 
CH3 domains of the constant r^on of an immunoglobulin heavy chain. This 
ordinarily is accomplished by constructing tiie appropriate DNA sequence and 
expressing it in recombinant cell culture. Immunoglobulins and odier polypeptides 
having enhanced plasma half Ufe are fused to die extracellular or ligand binding 
domains of other C3>4 i^dants in die same feshion. 

The boundary domains for die ca>4 V-Iike r^ions (V1-V4) are, 
respectively, about 100-109, about 175-184, about 289-298, and about 360-369 
(based on the precursor CD4 amino add sequmce in which die initiating met is - 
25). For a full disclosure of die CD4 sequmce, which is wdl known to diose 
femiliar witii HIV infections and die CD4 molecule, see Figures 1 and 2 of PCT 
application US 88/03414 published under die lateniational Publication N^^ WO 
89/02922 on 6 ^iril 1989. This PCT publication, which is herdn mcorporated by 
rrferenoe, describes the preparation of immunoglobulin chains containing various 
CD4 domains and die ccmstant region of an antibody, but is not directed to 
combmations specifically involvmg anti-CD3 binding r^ons or to die targeting of 
cytotoxic T cells to HIV-infected cdls. 

CD4 sequraces containing any of the CD4 domains involved in 
binding to gpl20 are fused to die immunoglobulin sequence. It is preferable tiiat 
VI V2 or V1V2V3V4 be fused at its C-terminus to die immunoglobulin constant 
n^ion. The precise site at which the fusion is made is not critical; the boundary 
domains noted herem are for guidance only and odier sites neighboring or within 
the V regions may be selected in ord^ to optimize the secretion or binding 
characteristics of die CD4. The optunal site will be determined by routine 
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expenmeotatioii. Unless the fiist constant region domain of the immunoglobulin 
heavy chain is deleted, or a light diain is provided, flie fusions are generally 
e:qtressed intiacellulaily, but a great deal of variation is encountered in the d^ree 
of secretion of the fiiaons fiom recombinant hosts. For instance, the following 
table (Table 1) shows various GX immunoglobulin fusions Aat wexe obtained in 
PCT/D588/Q3414. These immunogbbulin chains were referred as "inununo- 
adhesons," and tiiis lominotogy is retained hete to refer to angle antibody diains 
consisting of one or moiB CIM dcmiains linked to die constant t^on of an 
immunogflobulia diam. In all of tiiese exaaaples of CD4 immunoadheaons, the 
CD4 signal was used to dlnct secr^oa fiom 293 odls. Lower case m lepcesent 
murine origin» while die lower case h deirfgnates human origiiu V and C are 
abbcemations£Qrimfflimo^bbulinvaiid»feandcoostBnt&>mate The 
nmnerical snibscr^ inhale flifr number of pgoiflietical units fiaund in the 
deagnated muMmer. It win be understood that die chains of the multimers are 
bdieved to be disulfide bonded in the same &shion as native immunoglobulins. 
The CD4- immunoadhesons typically contained eidier die first N-tecminal 366 
residues of CD4 (C3M^) ax the first 180 N-terminal residues of CD4 (CD42) 
linlced at their C-tennmus to die k Qi^) dma ot JgQl heavy diain constant 



(yl). 



Tabl* X 



•V.C 
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heD4.aC. 



hC04>B^ aad/er (hC04<aCj,)2 
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(hCM.hC«}2(hCDft*he,x)2 ♦ 

<»V«C«)2(hCO«.hC,i.)2 ♦ 
^ifim and/or {vlV^G^ii 
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30 



It can be seen that ttie CD4/huiiian-lieavy-diain immunoadhesrai was secreted as a 
dimer whereas the analogous murine ooosttuction was not detected (this does not 
exclude the intxaoenular accumulation of the pxotem, however). These CD4-IgG 
imm nnoad he soa chimeras aie leadfly secreted wherein the CD4 epitope is present 
fused to one or more light or heavy chains, inchiding heteroietiamers whe^ 
to and induding an fiDur variable Rsion analogues are derived fiom Where 
a sq»iate light-heavy chain non-CD4 variable domain is also present, a 
hetoofonctiaoal antibody thus is provided, b die presnt invention, flie 
heterofimctional antibody is a bispec vrtm the sepaate heavy-light chain is 
obtained from an anti-CD3 antibody. Such antibodies are available commerdaUy, 
as are hybridomas diat contain gaietic information aicoding anti-CD3 antibodies, 
^ditionally, production of new anti-CD3-producing cell lines can readily be 
accomplished by routine immimological techniques. 

Various exenq)lary hrtero- and dumeric bispecific antibodies 
produced in accordance with tins invention (as well as single polypeptide chains 
used to prqnre bispecs) are sdiematically diagrammed below. "D" means at least 
a portira of the extracellular domain of CD4 containing its ligand binding site; 
^L* ^H' ^^^^ rqiresent light or heavy duun variable or cmstant domains 
of an immunc^globulin; n is an int^ and Y designates a covalent cross-linking 
moiety. 
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(a) DC^; 

(b) -DC^-DC^r 

(c) DCg-[CDH. DCL-DCg, ^V^^' "^lV^^' "^L^'"^^^' 

(d) DCL-DC^IpCg, DCL-DCg. HC^j^^, "^jShf^Cg, or VlCl- 
5 VgCglj 

(e) DCl-VhCh^[CDh. TX^BCg, JiC^-V^, VlCl-DCh, or VlCl" 

(f) VLCL-DCg^ECDH. 0(^-00^. DCj^VgCg. Vif^-DCg, OR VlCl" 
10 or 

The structmes in tins list of fixmudas show only leey featuies; e^g., 
fliey do not show joining Q) or olii^ domains of ttie immunoglobulins^ nor aie 

15 disulfide bonds shown. TSiese aie omitted in fbeinletests of facevity. However, 
wheie such domams aie xequiied for binding acdvily they shall be construed as 
being piesmt in the oidinaxy locations whidi they occupy in tfieCXM, bispec, or 
immuno£^bulin midecoles as the case may be. Tbese eramptes are lepcesentative 
of divalmt antibodies; m(ne comply structmes would result by raiploying 

20 immunogilobulin heavy chain sequences fiom oAer dasses, e.g., Ig^ The 

immimoglobulin Vj^V^ antibody combining site, also designated as tfie companion 
immunoglobulin, preferably is capable of binding to a predetermined antigen. 
Suitable conq^anion immunoglobulin combining sites and fusion partners are 
obtained ftom IgG^l, -2, -3, or -4 sahtjpes, Jgkj IgE, IgP or IgM. 

25 A preferred onbodunent of a fused CD4/immunogIcbulin chain for 

useinprq>aiing abispecof tfaeinvmtionisafusionof anN-tenninalportion of 
CD4, which contains the binding site for Hie gpl20 envelope protdn of HIV, to 
the C-tenninal portion of an antibody, containing the effector functions of 
immunoglobulin Oj^. Tliere are two preferred embodiments of this sort with 

30 lespectto flieportionoftiie antibody chain that is used; in one, the mtiie heavy 
diain constant region is fiised to a portion of C3>4; in anoflier, a sequence 
b^ginniiig in the hinge r^n just upstream of Oe papain 
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defines IgG chemically (lesidue 216, takiiig the first residue of heavy chain 
conslant legicm to be 114 [Kabat st al., "Sequences of Proteins of JmmunolQgical 
Interest" 4tii Ed., 1987], or analogous sites of odier immunoglobulins) is fiised to 
a pottifm of CD4. These enabodiments are descnbed in flie exanq»les. 

More particulaily, diose valiants in which one or more 
immimQglobuIin-like domains of CD4 are substituted ftir the variable region of an 
immunoglobulin chain are useful in prqaring bispecs of the invention. These 
chimeras are constracted in a feshion similar to chimeric antibodies in which a 
variable domain from an antibody of one spedes is substituted for the variable 
domain of another species. See, for example, EP 0 125 023; Munro, Nature 112: 
(13 December 1984); Neuberger ^ Nature 212: (13 December 1984); Sharon 
^ ll., Nature 202: (24 May 1984); Morrison a al., Proc. Nafl. Acad. Sci. USA 
51:6851-6855 91984); Morrison fit Science 222:1202-1207 (1985); and 
Boulianne ^ s^.. Nature 212:643-646 (13 December 1984). The DNA encoding 
the CD4 immunQglobulin-]ikedomain(s) is deaved by a restriction enzyme at or 
proximal to the 3' end of the DNA encoding the immuttoglobulin-like domain(s) 
and at a point at ornear the DNA encoding the N-teiminal end of the mature CD4 
polypqrtide (where use of a difBstent leader is contemplated) or at or prox 
the N-tetminal coding region fi»r CD4 (where the native CD4 signal is employed) . 
This DNA fiagmoit tfien is readily msoted into DNA encoding an 
immunoglobulin light or heavy diain constant rpgion and, if necessary, tailored by 
deiletiooal mutagenesis. Preferably, dus is a human inununoglobulin when the 
variant is mteoded for Ubstfafflq^for humans. DNA encoding 
immunoglobulin light or heavy chain constant r^ons is known or readily 
available from cDNA libraries or is synthesized. See for example, Adams ^ al., 
Biochemistry 12:2711-2719 91980); Qough gt M., Biochemistry 12:2702-2710 
(1980); Ddby fit si., P.N.A.S. USA 2Z:6027-6031 (1980); Rice st al., P.N.A.S. 
USA 22:7862-7865 (1982); Falkner ^ al-, Nature 22S:286-288 (1982); and 
Morrison ^ al., Ann. Rev. Lnmunol. 2:239-256 (1984). All publicati<ms cited in 
diis paragnq)h are heran incorporated by reference. 

DNA encoding the immunoglobulin or immunoadheson chimeric 
duun(s) is transfiected into a host cdl for oqnession. If the host cell is producing 
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an ixnmunogtobidiiipnor fo transfecdon^ tben one need only txansfect with fhe 
CIM domains fused to 1^ or to heavy diain to The 
aforemeationed immnnoglublins having one or mom anns beanng the CD4 domain 
and one or more arms bearing companion variable rpgicms spedfic for CDS result 
S in dual specificity for gpl20 of any source and for a CDS antigra. These are 

produced by the above-desccibed recombinant methods or by in vitro procedures, 
in the latter case, fi^cscample, F(ab')2 £ragmrats of the adheson fusion and an 
immunoglobulin are prepared, the F(ab')2 firagments converted to Fab* fragments 
by reduction under mild redudng conditions^ and tfa&i reoxidized in each other's 

10 presoce under addic conditions in accord ivithmediodslmown per s^ See also 
17.S. tsteat 4,444,8789 which is incorporated herem by xefeience. 

Additionally, ^ocedures axe known fiir produdng intact 
heteggantibodies ftom inmnmoi^ulins having different specificities. These 
procedures can be adopted fiir the ffljd&fitP^QCtion of bispecs by simply 

15 substitntu^ the ClM-oontauiing chains for one of the previottd 
imnmnogflobulins* 

ja analleimtLve me&od fixr piodudqg a hetetofunctional antibody, 
host cells produdng a CIM-immunogJobulin fusion, e.g», transfected myelomas, 
also are fused with B cdls or hybridomas whidi secrete antibody having the 

20 desired companion specificity for CD3 antigen. Heteiobifunctional antibody is 

recovered fitom the culture medium of such hybridomas, and thus can be produced 
somewhat more convenientiy than by conventional in vitro resorting methods (EP 
68,763). 

As was previously mentioned, the present mvmtion contemplates 
25 not only natural-sequence bispecs, but variants in which there have been single, 

multiple, or combinations of insertions, deletions, and/or substitutions of amino 
adds in tiie naturally dmved sequmces. Ihsertional amino add sequmce variants 
are those in whidi one or more amino add residues extraneous to the bispec are 
introduced into a pred^ermined site in tiiebispecinduding the C or N terminus of 
30 any polypeptide chain. Sudi variants, particulady whm the insertions are Iragtiiy, 
are referred to as fusions of the bispec and a different polypeptide. Such fusions 
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oontain sequences other than those which are narmally found in the bispec at the 
inserted position. 

Anodier dass of bispec variants conqirises ddetional variants. 
Deletioas are chatacterized by the lonoval of oat or more amino add residues 
5 fiom a givoi sequence, lyincalty, the transmembrane and cytoplasmic domains of 

Ca34 are MeXed. Whoi sudi deletions are desired in the case of CD4, at least 
residues 368 to 395 (the transmembrane region), and ordinarily 396-433 as well 
(die cytoplasmic domain), will be deleted. 

Another prefisrred ddetion is one which reduces or ftliiniif) at es the 
10 abOityofOM to bind to MHC class nantigois. The amino add residues 

associated with binding are numbers 19, 89, and 165 of the CD4 molecule. 
Mutaticms of diese residues abrogate MHC binding. CD4 ddetions affecting 
MHC class n antigen binding widi a CD4 molecule is described in Fleury etal. . 
Cell^:1037. 

15 Other dd^ioos can be used widi die present invention as long as the 

binding spedSdty or oOer desired properties, such as e£fector functions, are 
retaiMd. A prefened dass of conqwunds encompasses bispees deri.ved fiom 
antibodies in which die binding x^ion for Fc recqitor is ddeted or modified to 
reduce undesired binding. Suchddedonscanbeofoneor more entire domains of 

20 the legion or can a ddetion or mutation of part of a domain or even a single 

amino add. For exanqde, a preferred mutation would be to diange residue 235 of 
IgO from leu to gltt, as demonstrated and described in Alegre J. Immunol. 
1IS:3461. Whoi an entire draiain is to be deleted, die CH2 domain, which is the 
domain diat interacts die Fc receptor, should be deleted. Whedier or not any 

25 given ddetion results in a biq>ec with the desired binding properties can readily be 

tested using die procedures described in die following examples to determine 
whedier die resulting molecule is capable of directing cytotoxic T cdls to HIV- 
infected ceslls. 

Substitutional variants are diose in whidi at least one residue in a 
30 sequence has been removed and a different residue inserted in its place. For 

example, the native N-terminal residue for mature CD4 is now known to be 
lydne. Thus, die normal sequence shown in Figure 1 of PCT/US88/Q3414, widi 
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an N-tenninal aspaiagine, is an amino add sequotce vaxiant of native mature 
QD4. Table 2 hdow describes substitutions wliich in goieial will result in fine 
modulation of die characteristics of tbt CM antigen or anti-CD3 bindiqg resion. 

5 TABU 3 



10 



15 
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Substantial changes in function or immunological identity aie made 
by sdecting substitutions that aie less conservative than tfiose in Table 2, Le., 

25 selecting residues that differ more significantly in their effect on maintaining (a) 
tfaestructureof the polypeptide baddbone in flie area of the substitution, for 
exaniple as a shett or helical omfiormationy (b) t^ 
moleculeattfaetargetsiteor(c) die bulk of the side chain. The substitutions 
which in general are eaq^ected to produce the greatest changes in adheson 

30 prop^ties will be those in which (a) a hydrpphilic residue, e.g.y s^l or direonly, 
is substituted for (or by) a hydrophobic residue, e.g., leuqrl, isoleugrl, 
pheylalanyU valyl or alanyl; (b) a cystdnyl or prolyl is substituted for (or by) any 
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Other lesidue; (c) a residue having an electzopositive side chain, e.g., lysyl, 
aiginyl, or hisddyl, is substituted for (or by) an electronegative residue, e.g., 
glutamyl or zspartyl; or ((Q a readue having a bull^ ^de chain, e.g., 
phenylalanyl, is substituted for (or by) one not having a side chain, e.g., glycyl. 

It will be amply apparent from the foregoing discussion that 
substitutions, deletions, insertions or any combination thereof are easily introduced 
to arrive at a final construct These variants ordinarily are prepared by site 
specific mutagenesis of nucleotides in the DNA racoding the CD4 or anti-CD3 
molecules, th^:^y producing DNA ^coding the variant, and thereafter expressing 
the DNA in recombinant cell culture. However, variant bispecs also are prepared 
by in vitro synthesis. Obviously, variations made in the DNA ^coding the 
variant bispecs must not place the sequence out of reading fiom and preferably 
will not create complementary regions that could produce secondary mRNA 
structure deleterious to eximssion (BP 75 444 A). The CD4^erived region or 
npgions of Ae variants typically exhibit the same gpl20 binding activity as does 
the naturaUy occurring prototype, although variants also are selected in order to 
modify flie cbaracterisdcs of die CD4 adheson as indicated above. For example, 
tbt Tcpxm of the CD4 molecule that are responsible for binding to class n major 
histoconqiadbility antigen (MHQ can be ddeted in order to eliminate binding to 
undesired locations mjdm. Similar considerations exist for the anti-CD3 region 
orn^ns. 

While the site for introdudng an amino add sequence variation is 
predetermined, the mutation per se need not be predetermined. For example, in 
order to optimize the performance of a mutation at a given site, random 
mutagenesis may be conducted at the target codon or region and tte expressed 
adheson variants scremed for the optimal combination of desired activities. 
Tedmiques for making substitution mutations are predetermined sites in DNA 
having a known sequmce aie wdl known, for ©cample M13 primer mutagaiesis. 

Hie DNA ^coding CD4 is obtained by known procedures. See 
Williams, Immunol. Today S:298-303 (1987) and dtations therein. In gen^, 
prokaryotes are used for cloning of CD4 variant DNA sequences. For example, 
cqU strain SRIOI (for propagating ml3 phage, a X-resistant strain of JM 101; 
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Messing St NiicL Adds. Bes.lC2):3Q9-321 [1981]); and E, ooli K12 strain 
294 (ATCC No. 31446) aie particolady useful. Otber niicrobial strains which 
may be used include R coli B, UMlOl and E. coli xlT76 (ATCC No. 31537). 
These oamples aie illustiative lath^ than limiting. 
5 DNA encoding the various constructs used in piepam 

of the invention is inserted for expression into vectors containing promoters and 
control sequraces whidi are demred from species compatible with the intmded 
host ceSL The vector will ordinarily, but need not, carry a replication site as well 
as one or more madoer sequences which are equable of providing phrao^pic 

10 sdection in ttansfbnned cdls. For example, S..qs£ is ^ically transformed using 
a derivative of pBR322 which is aplasmid derived fiom an£^j2Q& spedes 
(Bolivar ^ sIm Gffle 2:95 [19771). pBR322 contains g^es for ampidUin and 
tetracydine resistance and thus provides ea^ means for identifying transformed 
cdls. The pBR322 plafonid, or other microbial plasmid must also contain or be 

15 mmiifffiri to coutain promotQts and other oontrd dements commonly used in 
recondnnant DNA constructions. 

Promoters snilable for use with prcdearyotic hosts iHusttativdy 
indnde flie ^-lactamase and lactose promoter sy stmis (Chang ^ ^ , Nature 
22S:615 [1978]; and Goeddd al., Nature 2SI:544 [1979]), alkaline phosphatase, 

20 the tryptophan (trp) promoter systems (Goeddel, Nudeic Adds Res. &4QS7 [1980] 

and EPO Appln. PubL No. 36,776) and hybrid promoters sudi as the tac promoter 
(H. de Boer fit al., Proc Natl. Acad. Sd. USA SQ:21-25 [1983]). However, other 
fonctional bacterial promoters are suitable. Thdr nucleotide sequmces are 
gmerally known, thereby cabling a skilled work^ qperably to ligate them to 

25 DNA encoding the adheson variant using linkers or adaptors to siqqp^^ 

required restriction sites (Siebenlist ^ Cdl 2Q:269 [1980]). Promote for use 
in hsy^ai sy^ems also will contain a ShinerDalgamo (S.D.) sequence opoably 
linked to AeDNA ^coding theantiga. 

In addifioii to prokaryofes^ eokaiyotic microbes such as yeast 

30 cdtores also are usefol as doning or eqiression hosts. Saccl^aptwnyces cagviaaQ, 
or common baker^s yeast is tfie most commonly used eukaryotic microorganism, 
aldiou^anumberof other strains are commonly available. For expression in 
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Sacchaiomyces, the plasmid Y^7, for example. (Stinchcomb fitja.. Nature 
282:39 [1979]; Kiqgsiiian si il.,Gene 2:141 [1979]; Tschemper ^ Gene 
lfl:157 [1980]) s oommonly used. This plasmid already contains the tipl gene 
vliich provides a adectimi maricer fat a mutant strain of yt^st laftMng thf ability 
to grow in tryptophan, for example ATCC No. 44076 or PEP4-1 (Jones, Genetics 
M:12 [1977]). The presoioe of the tipl lesim as a chaiactetistic of the yeast host 
cell genome flien provides an eEfective means of selection by growth in the 
absence of tiyptophan. 

Suitable promoting sequoices for use with yeast hosts include fht 
promoters fan 3-phosphoglycerate kinase (mtzranan st d., J- Biol. Chan. 
255:2073 [1980]) or other glycolytic enzymes (Hess ^ al., J. Adv. Enzyme Reg. 
2:149 [1968]; and Holland, Biochemistry 12:4900 [1978]), such as eoolase, 
glycaalddqrde-3-phosphate ddiydrogoiase, hexokinase, pyruvate decarboxylase, 
phosphoftuctokinase, glucose-6-phosphate isomerase, 3-phosphqglyoeiate mutase, 
pyruvate kinase, triosqdio^phaiB iaomeiase, idto^hoghicoae isomerase, and 
glncokinase. 

Other yeast promoters, wfaicfa are inducible p romoters haviAg the 
additional advantage of tnnsct^Mian oontridled by growth conditions, are 
pronmter regions for akxAol dehydrogenase 2, isocytochrome C, add 
pho^hatase, d^cadative enzymes associated with nitrogen metabolism, 
metallotfaiondn, glyceialdefayde-3i^hosphale dehydrogenase, and enzymes 
xesponsible for maltose and galactose utilizatioo. Suitable vectors and promoters 

for use in yeast cj^ression are further described in R. ffitzeman Mai., European 
Patent PubUcatioa No. 73,657A. Yeaa enhancers also are advantageously used 
with yeast promoters. 

Promoters for controlling transcription from vectors in mammalian 
host cells may be obtained from various sources, for example, Oe genomes of 
viruses such as: polyoma, Simian Virus 40 (SV40), adenovirus, retroviruses, 
hqntitis-B virus and most preferably cytom^ovirus, or from heterologous 
mammalian pncHnotas of the SV40 virus are convenioitly obtained as an SV40 
restriction ficagmoit whidi also contains the SV40 viral origin of rqdicalion. Fiers 
Ml^., Nature 222:113 (1978). The immediate early promoter of the human 
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qftomegaloviios is ocmvemenlly obt^^ fragment 
Gieenaway, PJ. £t G^ie lS:355-360 (1982). Of ooinse, pcomotBES fiom flie 
host cdl or lelated species also aie useM hereizi. 

DNA txanscrq^tion in higher eukaryotes is increased by inserting an 
5 aihancer sequence into the vector. Enhancers are cis acting etenents of DNA, 

usually fiom about 10 to 300bp, that act to increase the transcription initiation 
capability of a promoter. Enhance are relatively oii^itation ad position 
independ&it having bem found 5' (Laimins, L. ^ ai., Proc. Natl. Add. ScL 
:S:993 U^Sl]) and 3' ^jusky, M.L., ^ sLf Mol. Cell Bio. 2:1108 [1983D to the 

10 transccqition unit, wtbin an intron (Banegi, J.L. , £| » Cell 21: 729 [1983]) as 
weU as within the codii^ sequence itsdf(Osi^^ TJP.jStaL, MbL Cdl Bio. 
4:1293 [1984D. Many enhancer sequences are now known fiom mammalian 
gffles (globin, daslase^ albumm, o-fistoprotein and insulin). Typically, however, 
one wiU use an mhancer fiom a aikaryotic cell virus. Bxanqdes include flie SV40 

15 enhancer on the late side of tte replication odgin (bp 100-270), the 

cytomegalovirus eady promoter ohancer, the polyoma enhance on the late side 
of the replication origin, and adenovirus enhancers. 

Ej^ression vectors vwd in eukaryotic host ceills ^east, fimgi, 
insect, plant, animal, human or nucleated ceDs) may also contain sequences 

20 necessary for the termination of transcription whidi may affect mRNA «pressLon. 
These n^ons are transcribed as polyadenylated s^ments in tiie untranslated 
portion of the mRNA ^coding tiie adheson. 

Bscpression vector systems genially will contain a selection g^, 
also termed a selectable maxk^. Examples of suitable selectable markers for 

25 maniniaiian oells are dihydcofolate reductase CDHFR), tiiymidine kinase or 

neomycin. When such selectable markers are successfuUy traiisf^^ 
mammalian host cell, the transformed mammalian host cell can survive if placed 
under selective pressure. There are two widely used distinct categories of 
selective regimes. The first cat^iry is based on a cell's metabolism and the use 

30 of a mutant cdl line which lades tiie ability to grow independent of a 

su^dmiented medimn. Two exaiqaes are: CHO DHFR cdls and mouse LTK 
cdls. These odis lade tiiealnlity to grow wiliumt the addition of 
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tiqmaidmeorhypoxanthine. Because these <alls lac* certain genes neassary 
complete nudeiotide synthesis pathway, they cannot survive unless the missing 
nucleotides are provided in a supplaneated medium. An alternative to 
sup plement i n g the medium is to introduce an intact DHFR or TK ^ne into ceslls 
laddng the ieq)ective genes, thus altering their growth requirements. Individual 

cdls which were not transfiwmed with the DHFR or TK gene will not be capable 
of survival in non siqiplemented maHij^ 

The second categcny is dominant selection which refers to a 
sdection sdione used in any cdl type and does not require the use of a mutant 
cell line. These sdiones typically use a drug to arrest growth of a host cell. 
Those cells whidi have a novd gme would exptesa a protdn craveying drug 
resistance and would survive die sdection. Examples of such dominant selection 
use the drugs neomycin, Soudiem P. and Beig, P., J. Molec. AppL Genet. 1:327 
(1982), mycqphencdic add, Mulligan, R.C. and Berg, P., Science 209:1422 
(1980) or hygromydn, Sugden. B. si al., MoL Cdl, Bio. 5:410-413 (1985). The 
three exanqdes given above enqdoy bacterial genes under eukaryotic control to 
oonvqriesislance to the qspropriate drug 0418 or neomycin (genetidn), xgpt 
(mycofdienolic aciiO or hygronqrcin, lespeetivdy. 

"Anq il i fic ati on " refers to die increase or refdicaticm of an i«»ia t?d 
x^ion widun a cdl^s duomosomal DNA. Anqilification is adiieved uang a 
sdection agent e.g,meflwti«ale(MTX) which inactivates DHFR. Amplications 
for the making of successive copies of the DHFR gene results in greater amounts 
of DHFR bdng produced in the face of greater amounts of MTX. Amplification 
pressure is sq>plied notwidislandng die presence of oidogenous DHFR, by adding 
ever greater amounts of MTX to the media. Amplification of desired gene can be 
achieved by cotransfecting a mammalian host cdl with a plasmid having a DNA 
oicoding a desired protein and die DHFR or amplification gene permitting 
cointegration. One ensures fliat die cdl requires more DHFR, which requirement 
is met by rqilication of die sdection gene, by sdecting only for cdls tiiat can 
grow in the presence of ever-greater MTX concentration, so long as the gene 
encoding a desired hetoologous protein has coint^rated widi die sdection gene 
rqdication of dus gene give rise to replication of the gene encoding the desired 
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protein. Theiesultistiiatinaeasedoq[riesof tbege^ 

eacoding tiie deaied b^ologous protem expiess mote of flie desived heterologous 

protein* 

Prefecced host cells for ea^iessing the CD antigen vanants of this 
5 invention aie fnammaiian cell lines, examples including: monkey Iddney CFl line 

transfonned by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney line 
(293, Graham, F.L. ^ M., J. Gen. ViroL lfi:59 [1977] and 2938 cells [293 
subclones selected fyr better susp^ision growth]); baby hamst^ kidn^ cdls 
(BHK, ATCC CCL 10); Chinese hamster ovary-cells-DHER (CHO, Uriaub and 

10 Chasin, Proc. Natl. Acad. ScL USA 12:4216, [1980]); mouse Sertoli cells (TM4, 
Mather, 7.P., BioL Reprod. 22:243-251 [1980]); monk^ kidney cells (CFl ATCC 
CCL 70); afikan gzeen monkiqr kidnqr cdls (VERO-76^ ATCC CRI^1S87); 
fnimflti ceivfcal caidnoma cells (HELA, ATCC CCL2); canine kidnejr cdls 
(MDCK, ATCC CCL 34); bu&Io lat fiver cdls ^RL 3A, ATCC CRL 1442); 

IS human luqg odis (W138, ATCC CCL 75); human fiver cdls (Qep G2, HB 8065); 
mouse mammaiy tumor (MMT 060562, ATCC CCL51 cdb); and TRI cdls 
Qidialher, J«F., & gl., Annals N.Y. Acad. ScL 2S2:44-68 [1982]). 

"Tcansfimnation" means introdudqg DNA into an organism so tiiat 
fho DNA is leplicable, difaer as an extrachromosomal demmt or hf diromosomal 

20 integration. Onesuiiablefortnmsfiinnadonof the host ceUs is tiie method of 
Graham, F. and van der Eb, A,, Virology 52:456-457 (1973). However, other 
me&ods for intxodudng DKA into cdls sudi as by nuclear injection or by 
protoplast fusion may also be used. If prokaryotic cdls or cdls which contain 
substantial cdl walls are used as hosts, the prefmed method of transfection is 

25 caldum trealmrat using caldum chlonde as described by Cohen, F.N. £tgl., 
Eroc NafL Acad. ScL USA 1^:2110 (1972). 

Construction of suitable vectors containing the desired coding and 
cpntroL sequences employ standard and mauipiilative ligation tedmiques. Isolated 
plasmids or DNA firagmoits are deaved, tailored, and rdegated in the form 

30 deaied to fiam the plasmids required. Suitable procedures are wdl known for the 
construction desoibed h^dn. Secj for example, (Maniaiis, T, etaL. ^folecnlar 
Cloiiinp, 133-134 Cold Spring Harbor, [1982]; "Current Protocols in Molecular 
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Biology," edited by Ansubel A aJ., [1987], publ. by Gieene Publishing Associates 
& WUey-Ihtersdeoce). 

Gonect pLasmid sequences are confinned by transfionning E. coll 
K12 stiains 294 (ATCC 31446) with ligation mixtures, successful tiansfbnnants 
sdected by amiHolIin or tettacydine resistance where appropriate, plasmids from 
Oe transfimnants prqared, and then analyzed by restriction enzyme digestion 
and/or sequoioed by fbe meikod of Messing st al., Nucleic Adds Res. 2:3(» 
(1981) or by tiie mediod of Maxam ^ iJ., Methods in ]&uymology ^:499 (1980). 

Host cells are transfonned with the oqnession vectors of this 
invention. TheFBafto- they are cultured in appropriate culture media, e.g., 
containing substances for inducing promoter, selecting transfiarmants or 
anqilifying goies. The culture conditions, such as temperature, pH and the like, 
are those previously used with the host oeU selected for e^tression, and will be 
qipaient to the ordinarily skilled artisan. 

The secreted polypqrtides Onduding biapedfic antibodies) are 
recovered and purified from the culture supenutants or lysates of recombinant 

hosts. l^picaiUy, the si^etnatants are concoitialed by uttrafUtiation, contacted 
wMi a ligand affinity or immnnoafifinily matrix so as to adsorb the adheson 
variant, and etuted from the matrix. ()ptioDally, the bispec or adheson is purified 
by ion exdianige duomatogzqyby. 

The purified biapec is fonnulated ii^ conventional 
pharmaoolagically aoc^lable excqnents. It is administered to patients having HIV 
infection at a dosage capiblt of maintaining a concentration of greats than about 
100 ng of sohiUe biq)ec/ml plasma. For variants having different molecular 
iivdghts, about 2 jncomoles of soluble recq>tor per ml of plasma will be initially 
evaluated dinicaUy in order to establish a stoichiometric equivalence with native 
(m»nbnuie bound) and soluble recqMor. The ordinary initial dosage of a bispec is 
100 /tg/kg of patient weight/day. This initial dosage can be adjusted dtiis upward 
or downward dqwnding on the effects of the initial dosage. 

A composition of the invention for use in vivo generally will 
contain a pharmaceutically accq)table carrier. By this is intended eitiier solid or 
liquid malerial, vAach may inorganic or oiganic and of syntiietic or natural origin. 
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wifii which fhe active con^oneot of the compoaticm h mixed or fiximulaied to 
fedfitateadmuustratioa to a subject Inert materials ia pharmacwtical 
compositions axe also called exdpimts. Aay oflier materials customarily 
employed in formulating pharmaceutical are suitable. Solid carrim include 
5 natural and synthedc doisonne silicates, for ^cample natural silicates such as 

diatomaceous earths; magnesmm silicates, for example, talcs; magnesium 
aluminum silicates, for example attapulgites and vermiculites; aluminum silicates, 
for example kaoHnites, montmoiillomtes, and micas; caldum carbonates; caldum 
sul&t^ syntiietic hydtaled silicone oxides and synthedc caldum or aluminum 
10 silicates; draiaits sudi as carbon or sulfur; natural and synthetic resin sudi as 

pdyvinyl aloiho^ and waxes such as paxafin and beeswax. Examples of suitable 
liquid caniecs include water and aqueous solutions contaming oxygoated organic 
conqxiunds such as etfaanoL 

The tterapeutic hispec can be emptayed by itself or with odier 
15 flierapies and agents for tiie treatment of AIDS, induding AZT, neutralizmg 
antibodies, immunocytotoxins, and vaccines. 

In order to fidlitateonderslandmg of tiie foUowii^ exanqdes, 
oerfain fiequmfly ocmrring methods and/or terms will be desoibed. 

"Plasmids" are designated by a lower case p Receded and/or 
20 followed by coital letters and/or numbers. The starting plasmids herein are dttier 
commerdally available, publidy available, publicly available on a restricted basis, 
or can be constructed fix>m available plasmids in accord with published 
procedures. In addition, eqnivalrat plasmids to tiiose described are known in the 
art and will be s^q^ermt to the ordinarily skilled artisan. 
25 "Digestion" of DNA refers to catalytic cleavage of tiie DNA with a 

restriction auyme that acts only at certain sequences in flie DNA, The various 
restriction enq^nes used hoeia are commercially available and tiidr reaction 
conditions, co&ctors and otiier xequiremoits were used as would be known to the 
ordinarily skOIed artisan. For analytical purposes, typcaHLy 1 iig of plasmid or 
30 DNA fragment is used with about 2 uuits of as^me in about 20 id of bufiGer 

solution. the purpose of isolating DNA firagoients for plasni^ 
typically 5 to 50 jxg of DNA are digested with 20 to 250 units of enzyme in a 
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laigtf volume. Appropriate buflfm and substrate 

enzymes axe spedS&d by the manu&ctuier. Incubation times of about 1 hour at 
37'C are ordinarily used, but may vary in accoidance with the supplier's 
instructions. After digestion the reaction is dectiqphoiesed directly on a 
polyacrylamide gd to isolate the desired fragmrat 

"Recovery" or "isolation" of a givai fragment of DNA form a 
restriction digest means separation of the digest on polyacrylamide or agarose gel 
by dectrophoresis, identification of the firagmmt of interest by comparison of its 
mobility versus that of marker DNA fragmaits of known molecular weight, 
removal of tiie gd section containing the desired fragment, and separation of the 
gd from DNA. TTiis procedure is known genaally (Lawn, R, ^ al^ Nucdic 
Adds Res. 2:6103-6114 [1981], and Goeddd, D. ^ Nuddc Adds Res. 
4:4057 [1980]). 

"Dqdiosphoiylation" xefisrs to the rmoval of the terminal 5' 
pho^halBS by tieatQient wifli bacteiM alkaline phoq)hatase (BAP^ This 
procedure pieveots the two restriction deaved ends of a DNA fiagmmt from 
"drculatizing" or fimning a dosed loop that wouM 
DNA fiagmnt at the restriction site. Procedures and reagmts for 
dqihoq^horylation and otiier recombinant ^lflflip^fations are conventional. 
Reactions using BAP are carried out in SOmM Tris at 68^C to suppress the 
activi^ of any exonudease whidi may be present in tiie razyme preparations. 
Reactions were run fior 1 hours. Fdtowir^ die reaction tiie DNA fragment is gel 
purified. 

"ligation** refers to the process of forming phosphodiester bonds 
between two double stranded nuddc add fragments (maniatis, T. £t al., Id. at 
146). Unless otherwise provided, ligation may be accomplished using known 
buffere and amditions with 10 units of T4 DNA ligase ("ligase") per 0.5 iig of 
approximatdy equimolar amounts of the DNA fragmrats to be ligated. 

"Filling" or "blunting" refers to the procedures by which the single 
stranded end in the cohesive terminus of a restriction enzyme-deaved nucldc add 
is converted to a double strand. Diis eJiminafes the cohesive terminus and forms 
a blunt end. This process is a versatile tool for converting a restriction cut md 
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fbat be ooheshre wilfa tfae ends cceated by only one or a few odier lestricdon 
em^mes into a teimmus oon|iadble wKli any blunt-cutting le^xiction radcmudease 
or otber filled cohesive tenmnus. Typically, blunting is accomplished by 
incubating 2-15 ng of tfae taiget DNA in lOmM MgC]2, IniM ditiuotfaidtol, 
5 SQmMNaCl, IQmM Tris (pHT.S) bufB^ at about 37*^0 in the piesmce of 8 units 

of the KImow ftagmrat of DNA polymerase I and 250 f&M of eadh of tfae four 
deoxynudeoside tziphospbates. The incubation g^ierally is terminated after 30 
min. phenol and dilorofimn extraction and etlianol precqxitation. 

The following eicamples merely illustrate tfie best mode now 
10 cont^plated fixr pracfidng the imrention, but should not be construed to limit the 
inveatKm. Exan^Ies Maie prior examples published iaPCTAJS88/03414w^^ 
sfaowptepaiation of antibo(fy/CD4 fusions fliat can be used to prepare hispecs of 
tfaeinvation, sudi as fliose described in Example 5. 

15 ^fnp]|ft 1 

CmstmciiQn rf Vectors for the Exwession of Native C3M and Seccaed 
SSDOBtOSS 

20 SggfioB I 

The plasmid used for recombinant synfliesis of human CD4 was 
pSVeCD4DHFEL The plasmid was constmcted as follows: 

XCD4P1 containing most of tiie coding sequence of human CD4 
(obtained &om a human placental cDNA libiaiy using oligonucleotide probes 
25 based on the published CD4 sequence [Maddon^^^. 1985]) was digested with 

EcoR I to produce cDNA insert This fcagnient was recovered by polyacrylamide 
gd electiqphoresis (Fragment 1) . 

pUC18 was digested with EcoRI and the single fcagmmt recovered 
bypolyacry]amidegddectxDf^(Kcesis (Fragmait2 Fragmmt 1 was ligated to 
30 ftagmefit % ^d tha ligatim mixture transformed into B.,.j5spli strain 294. The 
transfoocmed ccdture was plated on nmpirfiiin media plates and resistant colonies 
selected. Plasmid DNA was prepared fomtnmsfonnants and cfaeds^ 
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restriction analysis for the presence of tfie conect DNA fi^^ Tiusplasmid 
is refened to as pUCD4. 

pSVeE'DHFR (Mnesing fit al., CeU M:691-701 [1987]) was 
digested with ^al and ^mHI and blunted with E. coH DNA polymerase I 
5 (Doiow ftagmoit) and the four dND^. Fragment 3 containing the pML-Amp^ 
i^ion, S V40 eariy promoter, tiie mv LTR, and die mouse DHFR gene was 
leooveced by gd electrophoresis, ligated and the ligation mixture transformed into 
£._fi(^ strain 294. The transformed culture was plated on ampidllin media plates 
and resistant colonies selected. Plasmid DNA was prqMired from transformants 
10 and chedced by restriction analysis for the presaice of the BamH I restriction site 
and die absence of the JSsbH restriction site. This plasmid is referred to as 
pSVe/^HKDHFR and allows EcoRI -BamH I iiagments to be inserted after the SV40 
eariy promoter and transcribed undo: its control, foUowiog transfection into an 
qipropaale cell line. 

15 Synthetic oligonucleotides (adi^tors 1-8, bdow) were made to 

extrad from 76 bp S' of die initiation codon of CD4 translation to die £aal 
restriction site at 121 bp 3' of the initiator, with die sequence AATT at die 5' end 
of die sense strand t generate an end wfaidi could ligate to an EkJ H restriction 
fiagmat These oligaiudieotides were ligated and die 204 bp fitagmoit containing 

20 die entire sequence recovered by gd dectrofdioresis (Fragment 4). 



CD4 adaptor 1: AATTCAAGCXXlAGAGCCCItK^CATITCKnXKjGCTC 
AGGTCCXnr 

CD4 ad2Q>tDr 2: pACTGCTCAGCCCCnTCCTCCCTCGGCAAGGCCACA 
25 ATGAACCGGGGAGTC 

Ca>4 adsftar 3: pCCrrrTAGGCACTTGCTTCTGGTGCTGCAACTGGCG 
CTCCTCCCAGC 

CD4 adaptor 4: pAGCCACTCAGGGAAACAAAGTGGTGCTGGGCAAAA 
AGGGGATACAGTGGAAGTGACCTGT 
30 CD4 adaptor 5: pACAGGTCAGTrCCACTGTATCCC Ci ' 1 ' lTl ' l GCCCAG 

CACCACnTGTTTCC 
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CD4 adaptor 6: pCIGAGT(K3CrGCrGGGAGGAGCGCCAGI^ 
CX^AGAAGCAAGT 

a>4 ads^tor 7: pGCCTAAAAGGGACTCCCCGGTTCATroTGGCCTTG 
CGAGGGAGGAAGGG 

5 CD4 adaptor 8: GCTGAGCAGTAGGGACCTGAGCCCACAGAAATGGCAGG- 

GCTCTGGGCTTG 
pirCCD4 was digested with £^ and and the 401 bp firagment 
oontaining part of the CD4 coding sequence recG¥^ by gd dectcophoiesis 
(FragmmtS). pUClS was digested widi EcqRI and and tiie fiagment 

10 compnsmg the bulk of the plasmid recovered by gel dectrophoiesis (Fragmmt 6). 

Fragmeats 4 and 5 weie ligaled to Fragment 6 and the ligation mixture 
tcansfimned into £,.fiQ]i strain 294. The transfiormed culture was plated on 
ampfdllin media plates and resistant colonics sdected, HasmidDNAwas 
piqpared fiom transfimnants and checkBd by restnction analysis for the ptesmce 

15 of the correct fragment llie sequence of die inserted qmth^ DNA was diec^ 

tiy excisiQg the 605 bp £GfliRl'iSs£l fragments fiom seiveral transfimnants and 
Ugatisig diem to M13nq>19iK^udi had been digested 1^ After 
transfirnnatim into Bm^oM. sbam JMlOl^ dngje-stranded DNA was prepared and 
seqnmced, QneplasmU whidi contained the ooriect sequence was select^ 

20 is refected to as pCIMuiL 

pCD4mt was digested with EcqSI and Ssff and fragment 7 
containing die 5' end of the CD4 coding region was recovered by gd 
electrophoresis. pUCCI>4 was digested with Ssff and BimiHI and the 1139 bp 
fragment containing dierranainder of the CD4 coding region (fragmat 8) 

25 recovered by gd electrophoresis. 

pSVeABKDHPR was digested with BcoRI and BamH I and fragment 
9 comprising the bulk of die plasmid was isolated. Fragmrats 7, 8, and 9 were 
legated and the ligation mixture transformed into E. coli strain 294, The 
tcansfimned culture was ^aled on ampidllin media plates and die r^istant 

30 cdontes sdected. Plasmid DNA was pc^ared fix>m transfimnants and diecked by 

restncdon analysis for die presace of die correct fragment This plasmid is 
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referred to as pSVeCD4DHFR, and was used to dixect synthesis of recombinant 
intact CD4. 

Fusions of tibe V legion of tiie CD4 gaie, whidi is homologous to 
the variable i^gion of immunoglobulin genes (ref. Maddon st al. 1985), to the 
constant (Q i^ion of human immunoglobulin k and y2 duuns are constructed as 
fidlows: 

Synthetic DNA is made to code for the C region of human k chain 
(residues 109-214) based on the sequence published by Morin fij al., Proc. Natl. 
Acad. Sd. 22:7025-7029, with the addition at the 5' end of the coding strand of 
the sequence GGGO, which allows this fragment to be ligated to tfaeBspMI site at 
the end of the putative V-like region of CD4. At the 3* end of ifae coding i^on, 
a translational stop codon is added as well as a sequence which allows this end to 
be ligated to fiaaagi restriction fragments. The ^thedc DNA is made in 8 
fragments, 4 for each strand, 70-90 bases long. These are then allowed to anneal 
and ligated prior to iscdatian on apofyacrylandde gel (fragment 33). 

pRKCrn is digested with EcoRI and BapMI and the 47«hp fragment 

containing the region coding for the putative V-like domain of CD4 is recovered 
(fragment 34). Ftagmenis 33 and 34 are ligated together with fragment 16 (from 
the expression vector pRK5). Ihe ligation mixture is transformed into E. coli 
strain 294, the transformed culture plated on anqndllin media plates and r^istant 
colanies selected. FlasmU DNA is pnqnied from transf ormants and checked by 
xestrictiott analysis for die presence of the oonect fragmoit The resulting plasmid 
is i^red to as pRKOMCk. 

A plasmid encoding a fusion of the CD4 V-like domain to the 
human immunoglobulin Cy2 region is constructed in a similar fashion, and is 
referred to as pRKCD4C72. Both of tiiese plasmids are transfiected into 293 cells, 
myeloma cdls or other conq)etait cdls in order to obtain cell lines eqnessing 
variant CD4 molecttles as described above. 



Example 3 
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nasmids wece constructed to direct tbe eacpresskm of proteiiis 
ffiintatning differing lengths of fta aimm»-temiinalj ertTBCClInlar domain of CD4 

fused to the constant region of human inmnmog^ These plasmids are 

referred to as pI{KCD42^j, pKKCD4^j, pRKCD42^j, pRKCI>4j, and 
5 pRKCD4^^j. 

Plasmid{^CD4^^ contains the portion of the CD4 gene from tbe 
initiation codon to tiie fiision site after the codon far semit reside 366 of the 
mature CX>4 polypq)tide, immediately followed by the sequmce coding for the 
constant ipgion of human immunoglobulin 7I, starting at die codon for serine 
10 r^idue 114 of mature human immunogilobulin yl (Eabat ^ j^). 

pjlasmidpRKC3>4^j^ contains die portion of the CD4 gme from 
the iniriaf i"" oodon to Ae fiision s&& afier die codon for lysine residue 3 60 of the 
mature OM polyp^tide, immediately fidlowed by die sequence coding for die 
constant region of human immunoglobulin 7I9 starting at die codon for serine 
15 residue 114 of mature human immunoglobulin yl (KabatsS al*). 

Plasmid pRKCD42^ contains die portion of the CD4 gene fiom die 
initiation codon to the fixsiondte after die codon foglutaminexe^ 180of tiie 
mature CM polypeptide, immediately fiJlowed by the sequence codmg for ttie 
lyw^ffi^nt region of human immunoglobulin yl, starting at die codon for serine 
20 residue 114 of mature human immunoglobulin 7I (Kabat^gi.). 

Plasmid pSKCP4^^l contains the portion of die CD4 grae firom 
die initiation codon to the fusion site after the codon for Iradnereadu^ 117 of the 
mature CD4 polyp^de, immediately followed by the sequrace coding for the 
constant r^on of human immunoglobulin 7I, starting at tiie codon for serine 
25 residue 114 of mature human immunoglobulin yl (Kabat £t gl*)* 

Plasmid pSKCD4|^j^ contams the portion of the CD4 gene firom the 
initiation codon to the fusion ^te after the codon for aspartic add residue 105 of 
die mature C3>4 pdypeptidey immediately followed by the sequmce codmg for die 
constant x^ion of human immunoglobulin yl, startiqg at the codon for sedne 
30 residue 114 of mature human immunoglobulin yl (Eabat 

plasmidpSKCD4^^]^ contams die portion of the CD4 gme fiom 
tTifi iniriatinn mdrm to flie fimcm Site after tile codon for leudne readue 100 of tbe 
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matuic CD4 polypeptide, immediately Mowed by the sequence codiog for the 
constant sogton of human immunoglobulin 7I, staitiog at the codon for serine 
residue 114 of mature human immunoglobulin 7I (Kabat a al.). 

Construction of these ^asmids required the prior construction of 
plasmid pRKCD4TP/7l. It was constructed as follows: 

A cDNA done coding for human immunoglobulin 7I was obtained 
ftom a human sfieea cDNA library (Qontech Laboratories, Inc.) using 
oligonucleotides based on the published sequence (Ellison ^ ai-, Nucl. Adds Res. 
lfl:4071-4079 [1982D, and an BaiRI-ligl fiagment (the Sa>RI site was 
contributed by a linker; see Figure 4a and b of PCTAJS88/03414) containing part 
of the variable and all of the constant region was obtained. This fiagment was 
blunted with Klenow fiagment, and recovered by gel electrophoresis (Fragment 
al). 

Plasmid pRKOMTP-lck, encoding a substitutional variant of soluble 
CD4 (residues 1-368) oonlabiing a lysme residue instead of aqnragine at position 
1 of the mature polypeptide, was constructed fiom plasmid pRKCD4TP by site- 
directed nuitagenesis. A synttiedc oligonucleotide was made as a primer for a 
mutagenesis reaction to obtain the desired codmg sequence. TUs was synthesized 
as a Sl-mer which contained two silent mutations fiom the natural sequence in 
addition to the substitution mutation, and 2 1 bases on each side of the mutated 
codons: 

5* - ccc rrmr Gcc cag gac cac err err gcc ctg- 

A(3T GGC TGC TGG GAG GAG -3' 

Plasmid pSKCD4TP was transformed into E. coli strain SRIOI and 
the transformed colonies plated on ampidllin media plates. Resistant colonies 
were selected and grown in the presence of ml3K07 helper bacteriophage to yield 
seraeted, aicq)sidated single-stranded templates of pRKCD4TP. The single- 
sttahded plasmid DNA was isolated and used as tiie template for mutagenesis 
reactions with the synftetic oligonucleotides described above as primers. The 
mutagenesis reaction was transformed E. coli SRlOl and the transformed culture 
plated on ampidllin media plates. Ttansformants were screened by colony 
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bybndizadoii (ie£ Gnmstdn-Bbgness) for die ptesenoe of flie sppnpdate 
sequraoe, using ibe fblloiwiiig 16 mer as the piobe. 

y - c CAC err err Gcc CTG -3 ' 

The hybiidizadon conditions cbosen sufBdently stringrat that tte ixiobe only 
5 detects the conectly fused product. Colonies idratified as positive selected 

and plasmid DNA was isolated and transfonned into Em^ssM strain SRIOI. The 
transformed cultures were plated on am^idllin media plates^ and resistant colonies 
were sdected and grown in tiiepresmce of ml3K07 bacteriophage. Teo^lates 
woe pc^aied as above and scremed by seguendng. 

10 Plasmid pRKCD4TP-kk was digested with Xbal and treated^ 

Klenow Edzyme, and Fragment a2, containing flie linearigsed plasmid was 
recovered by gel electrx^dioresiSi and ligated Theligation 
tmrtnm as transfiarmttl into E. coli Strain 294, the transformed culture plated on 
ampicniin media plates and teristant ccJonies sctected. Hasndd DNA was 

15 prepared from flie transfop™nts and diedeed by restriction analysis for the 

presenceof the ooriectfoigineat in the correct orientation ^e., the 
f nwnimng irihwlin ceding tiegion in tte same nfifaitation as the CP4 coding region, 
andatliieS^eaadof theCD4codiQgr^ion). This plasmid is lefietied to as 
PRKCD4TP/yL 

20 Synfiietic oligonucleotides were made as primers for ddetional 

mutagenesis reactions to fuse the appropriate coding segusiice of IgOl and CIM 
described above. 13iese were syotfaesized as 48-mm comprising 24 nucleotides 
on each side of tiie desired fimon site (Le., corresponding to the COOH-tarminal 
8 residues of die ifesired imnnmoglobidin moie^). Plasmid pRS:CD4TP/7l was 

25 transformed into E, coli strain SRlOl and the transformed cultures plated on 

flinpirfiiin media pTates. Resistaut cdonies were Selected and grown in the 
presence of ml3E07 he^ bacteriophage to yield secreted, encapsidated single- 
stranded tenqdates of jdSECIMTP^^^^ The single*stranded plasmid DNA was 
isolated and used as the template for mutagenesis reacdons widi the synthetic 

30 QBgonudeoddes described above as primers. Hie mutagenesis reactions were 

transfonned R coH SRIOI and the transformed culture plated on anqddllin media 
pHat Ps . Transformants were screened by odony hybridization (ref . Grunstdn- 
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Bbgness) £w the presence of the iQiproidate fu^ sile, using 16meis as probes, 
niese 16iners comprise 8 bases on either side of the fusion site, and the 
hy brid i ration coi^ticms chosen were sufadently stringent ttat tiie probes only 
detect tiie oonectty fused product. Colonies identified as positive were selected 
5 and ^asmid DNA was isolated and transformed into E. coli strain spini The 

teansfinmed cultures were plated on amindllin media plates, and resistant colonies 
wae sdected and grown in tiie presaice of ml3K07 bacteriophage. Templates 
were prqaied as above and screened by sequaidng. 

Hie plasmids were transfected into 293 cells using standard 
procedures and assayed for eqnession and production as desoibed above. 



10 



30 



pRKCD4j^j + 

15 pRKCD4^^j + + 

PRKCI>42^1 + + 

pBKCaM^j + + 

pRKOM^^j + + 

20 Plasmids also were constnicted to direct die esqnession of fusion 

protdns contaimiig differiqg lengths of tiie amino-terminal, extracellular domain of 
CD4 fused to the truncated portion of tiie constant region of human 
immniiQglobulin yl, oomqnising only the hind region and crastant domains CH^ 
and CHy, 

25 Synthetic oligonucleotides were made as primers for mutagenesis 

reactions to ddete the immun<^obulin sequence ftom SerlU to Cys215 inclusive 
(Kabat gt alO- Thest were syntiiesized as 48-mers conqnising 24 nucleotides on 
eadi side of tiie desired fusion site ^.e., corresponding to tiie COOH-tenninal 8 
residues of the desired CD4 moiety, and the Nl^-terminal 8 residues of the 
desired immunoglobulin moiety). Plasmids pRKCD4^j, pRKOXj^ and tiie 
transformed culture plated (m anqudllin media plates. Resistant colonies were 
selected and grown in the presence of ml3K07 helper bactoiophage to yield 
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secci^Bd, encggsidated single-sttanded tenplates of tfiese plasmids. The single- 
stzanded pbsmid DNA wbs isolated and used as tbe tewplato far mutageaesis 
leactioQS ivith the synthetic oligoniudeotides desc^^ The 
nmtagoiesis reactions weie tiansfonned E, coll SERlOl and tfie transformed culture 
5 plated on ampicDlin media plates. 'Kansformanfs were screened by colony 

hybridi2ation (&unstem-Hogne^) for the pres&ice of the appropriate fusion sites, 
using 16mers as probes. These 16mers coniprise 8 bases on dther side of flie 
fusion site, and flie hybridization conditions chosen were suffidratly stringrat that 
die probes only detect the conecdy fused product. Colonies identified as positive 

10 were selected and plasmid DNA was isolated and transformed into E. ooli strain 

SRIOL The tiansfonned cultures were {dated on ampidllinme^ 
resistant ooibniies wese selected and grown in the presence of ml3KD7 
bacteriophage. Tenqdafeswemptqeied as above and serened by seqii^ 
The plasniid derived fiDom plasinid pRKCIM^^ 

15 pRKCD4^^, that derived fDom plasmid pBKCa>^^^ is referred to as 

piREaM2p^ dnd ttat derived fiKmi plasmid 



pSECD42p^, pRKCD4^7^ and FRKCIM^p^^ are cultured in flie 
same &shion as described above and CHl-ddeted CD4 
20 recovered as described elsewhere herein. 



Mgfrt Chain P^gjQn^ 

Slasmids wm constructed to direct the expression of proteins 

containing differing lengfbs of the amino terminal, extracellular domain of CD4 
25 fused to fhecoiistant region of human iinmunogflobulmic. These plasmids are 

referred to as pRKCD4^^, and pRKCHM^^. 

Plasmid pRKCIM^^ contains the portion of the CD4 g^ from the 

inifigtipn oodon to the fiudon site afier the codon for serine residue 366 of the 

mature CD4 polyp^tidet immediately fidlowed by flie sequence for the constant 
30 r^^on of human immuno£3obulinic, starling at fiie codon fin: threonine reridue 109 

of the mature human immunoglobulin k. (Eabat ^idO 
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Flasmid pRKCD4^ contains the portion of the CD4 gene from the 
initiatian oodon to the fiisioo ^ after die codon ibr lysine residue 360 of die 
mature CD4 polyp^tide, imme ri ialeJy Mowed by die sequence for die constant 
SQgion of human immunoglobulin k, starting at die oodon for dueonine residue 109 
^5 of die mature human immunoglobulin k. (Kabat ^ g].) 

These plasmids were ccmstnicted in a manner analogous to pig^jjipids 
pRKOM^j and pRKCD4^j described above, widi die following exception: 

Hie human immimoglobulin k coding sequence (Figure S of 
PCTAJS88/03414) was obtained from a human spleen cDNA library (Qontech 
10 Laboratories, Inc.) using oligonucleotides based on die published sequence (Hieter, 

P. A. ^ al., CeU ^: 197-207 [1980]), and an laiRI-BffiMI fragment containing 
part of die variable r^on and die entire constant r^n was obtained (see Figure 
S of PCTAJS88/03414). Ttas fiagment was blunted widi Klenow fragment and 
die four dNTPs. This fragment was used instead of fragment al, and was used to 
15 construct plasmid pKKCD4TP/hx. 

Broresaion in CHO relk 

Plasmids were or are constructed to direct the escpressim of the 
immuno a dhe sons descaibed above in CHO cells. These are xefened to as 
20 pSVeCD44^SVDHFR,pSVea>42^lSVDHFR.pSVeCI>4j^SVDHFR, 

pSVeOM^pj^SVDHFR, pSVeCD42pj.,SVDHFR, pSVeCD4jp^SFCHFR, 
pSVcCIM^^SVDHFR and pSVSCaMj^SVDHFR. 

Fragment 31 was prqwred as desoibed above. Fragment 32a was 
25 prqiared by digesting plasmid pE348HBV,E400 D22 widi j^mHI, blunting widi 

Klmow fragment and die four dNTPs, dien digesting widi Pyu l and isolating die 
large fragment containing the balance of the /^-lactamase gene and die SV40 early 
promoter and die DHFR gme. Plasmids pRKOM^j, pRKCIWj^j, 
pRKCaM^^j, pRKCm^l, pRKOM^^j, pRKCD4^^1, pRKci4^p^j, 
pRKCaMjpQ, pRKCDA^^ and pRKClMj^ were separately digested widi Hindm, 
blunted widi Klenow fiagment and die four dNTPs, dien digested widi £a2RI and 
die fiagme&ts encoding die CDA-lg fusion protein were isdated. The resulting 
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DNA. fiagmeals wece legated together with fii^^ 31 and 32a and tiansfonned 
into Ei^£[^ stzaia 294. Colc»des were selected and diedeed for fte presence of 
the ccniectplasmid as above, then tiansfened into CHO cells and amplified by 
m^iotiexate sdecdon using conventional proceduxes. 



10 Plasmids encoding soluble QM immunoadhesons calcium 

phos^pbate tcansfiBCted into CHO-DF7 (a proinsulinrtiansfiinned autooinehost cell 
derived firan CHO; U.S.S.N. 97,472) and the transformants grown in selective 
medium (1:1 HAMF12^MEhCGBToonlainmg M0% diafiltaced or dialyzed 
bovine sonm). Other suitable host cdls axe CHO cells or 293S human 

15 embzyonic Mdn^ ceQs. The tcansfiannants wge amplified by methotrexate. The 

plasmid that was integrated in the genome of the transfectoma was generated by 
cutfiqgoutanEcoSI*-SfiIftagmentfR»nfheCI>4Yl plasmid, filling fiie ends, 
and blunt end-ligating the ficagment into tiieXbd[a^ whidi 
conlams (he hygtomydn resistance gene. 

20 IhegeneralpsQceduieforpuxi^gavariety of CD4pn>tdns was 

as fidlows. Specific parameter values (e.g., pH) in liiis paragn^h are for a 
soluble CD4 variant consisting essentially of the first four domains ((pressed in 
soluble fonn) known as CD4TP. Culture fluid fiom CD4 transfonnants was 
concmttated and diafiltered to lower die ionic stmgtfa. The concentrate was 

25 passed through a large volume of Q-Sq>harose anion exdiange resin Qireviously 

equilibrated with 25 mM NaQ, pH 8.5) in order to adsoifo contaminants fiom the 
cubttsefiuid. The unadsoibed culture fluid fiom the anion exchange re^ step 
was ihm passed tiirough a cation achaqge resin (previously equilibrated with 25 
mMNaQatpH8.5) whereby ttieCD4 variant was adsoibed to the x^ The 

30 protein was duted with a NaQgnufient at pH 8.5. Ammomum sul£a.te was 

added to the dnale to a concentration of L7M and the solution passed through a 
column of hydiopholnc interaction duomatography resin (phmyl or butyl 
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Sq)hazose). The protdn was duted from the hydrophobic int^^ 

a gnuiient of ammonium sulfate. The duate was concentiated and buffer 
exdianged on a G-2S column using phosphate buffered saline containing .02% 
(w/v) Tween 20 or Twem 80. Other polymeric nonionic surfiu^tants axe suitably 
5 used wiA tiie CD4 fonnulations, induding Pluronic blodc copolymers or 

polyefliylaie glycol 

It is also possible to employ immunoafBnity purification of soluble 
CD4 variants wherdn the CD4 is adsorbed onto an immobilized antibody against 
CD4. This m^od suffers firom Ae disadvantage that dution of the soluble CD4 

10 und^ acidic conditions leads to protein aggr^ation that is only thoroughly 

a mel i orat ed at rdativdy higher levels of surfactant The forgoing procedure 
permits the use of mudi lower quantities of surfactant, about fiom 0.01 to 0.10% 
(w/v) surfactant. 

The procedure fdlowed for the purification of CD4 fusions with 

15 inununoglobulin heavy diain was to concentrale recombinant supematants by 

ultrafiltxatiQn and Oereafier adsoib the faskm onto resin-immobilized 
Staphylococcal protdn A. Refusion was duted with O.lMdtrate buffer pH 3 
withnosdtordeteigffit This prqoration is buffered into Tris buffer at pH 7.5. 
nieimmunogldbulin fusions with CD4 V1-V4 optionally are fiirdier purified by 

20 the procedure desoibed above for unfused CD4 variants (ue., the general 

procedure of this Exanqde). C3>4 immunoglobulin fimons with CD4 V1-V2 also 
may be purified by the procedure above, excq>t that it is not expected that the 
isodectric point of this dass of molecules will be as alkaline as that of species 
containing all four V r^ons of CD4. 

25 

Examples 

We cloned the gene racoding the fusion polypeptide CD47I (CD4 
V1-V4 fixsed to 7I) described above into a vector that allows ejqnession in mouse 
cdls and transfected it into hybridoma M-T301, which secretes a jUk anti-human 
30 CD3 antibody. This antibody can activate T cdls when added in polymerized 

form. Tliis particular hybridoma and anti-human CD3 antibody were sdected for 
convenience only. Hie same transfection process can be carried out with other 
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Jq^mdomas tiiat produce anfl^^ antibodies in ocder to produce hispedfic 
antibodies of die invention. 

The bispedSc antibody produced in tiiis sample is shown 
schematically in Figure 2. Figuie 3a shows an autoiadiogr^h of biosynthetically 
5 labeled intcacdlular proteins obtained firom the hybridoma of diis invrntion 

precipitated with antibody to mouse yl chain (lanes 2 and 3). A 92 kd 
polypeptide representing CD47I is precipitated firom the tiansfected Qamt 3), but 
not from the untiansfected cell line (lane 2). Someof die CD47I is secreted 
(Figuie, 3b) in association with the k chain of M-T301, this dimer bdng linked to 

10 lfaeheavy(g)XUg}itCL) €liainpa2rof b additiDn, there are other 

oofflhinafioiis of the diieepdypeptidediains preset this can 

be deduced fiom die molecular weights of thenmeduced mcdecdes (Figure 3c, 
lane4). Furdiemiai^ we have rerun lane 4 of Figure 3c under redudng 
conditians, oonfirmiflg that some of the molecules contain CD4y1, H and L chain 

IS (Kguie3d). 

From die supensalant of die translkctonia, we then purifi^ 
by binding fliem to and latff dudi^ tiion fom an a^^ 
monodonalantibo<fytoCD4, which sqniated diem fiom1»valffltanti-CD3 
antibodies, whidi passed fluougji die column. Hectrophoieas of this material on 

20 a polyacrylanudegd revealed equal proportions of two kinds of molecd a 

bivaloit monospecific tetiamer consisting of Q>47l and k, and the desired bispec 
widi die comrpodtion /c, CD4y1, 7, k Pgure 3e). Thus die CD47I diain is 
linked to jc and pairs widi dieHx L chain half of IgGl molecule of M-T301 
CFigure3f). The radi^ large a>47l is not stencally hindered fiom bdng linked 

25 to die yl chain, probably because of the flexibility of die hinge region, which 

allows die amino ends of the polypeptides to move apart. The ic dudn is also not 
hindered torn forming a disulfide bridge widi die CD4y1 diain. 

Ibeafdlity of diebispecs to mediate killing of HIV-infected cells 
by nonapedfic qlobmc T cdb was tested widi a dimmmm release a^y that we 

30 devdc^ied. As lar^ cells, we used CD4-eaKpiesa]%HeLacdls, whiA 

in&cted widi HIV. Theperoentagpofinfiactedcells was assessed by 
imnmnofluoiescence usipg a nionodonal antibody to viial ^ 
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and the mono^ecific CD4gl, k antibody for testing expression of membiane 
gpl20. Ftom tite bulk culture we subdoned lines in whidi greater than 90% of 
die odls stably expressed these proteins. As eCfectcv odls we used dones of tiie 
hunum cytotonc T ceU line MX66, which is qiedfic for influenza vinu 
protein when presented on human cdls ejqnessiqg tiie histocompatibility antig«i 
A2. At an effectontarget ratio of 1:1 the MX66 cells did not show significant 
killing of the CD3-posi1ive HUT 78 ceU line; however, when M-T301 antibody, 
which is qiedfic to CD3, was added, good killing was seei. (Table 3). This 
confirms diat M-T301 antibody is able to mediate the Idlliog of non-cognate 
target cells, by activating the MX66 cdls and linking than to these targets. 
Thus, this is a suitable system for testmg the tnspecs. 
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Ibx die eacperimental work ftat ptpvided Ifae data set out in Table 3, 
target cells were incubated wifii ant3)odies at one or mrae ccmcentrations (or with 
no antibody), washed, and cdls of tbe cytotoxic T cell line MX66 (effector cells) 
S (obtained fiom H. Spits, DNAX, Fsalo Alto) were added at a ratio of 0.5:1 or 

1:1, or as a contnd, medium with no effector cdls was added (no E). Targets 
wece one of the following: Hd^ cdls expressing CD4 and infiected with HIV- 
LAV I (HdLa LAV I) ; or not infected (HoLz) ; or aUogodc cdl line HUT 78 • 
Antibodies were one of the following: anti-CD3 monoclonal antibody M-T301; 

10 faispecifio antibodies (Uspecs) with one arm specific for CD3 (derived fiom M- 

T301) and tfaeoHiaram spedfiefisr gpl20 (derived fitom CXMgl); a 1:1 mixture 
of M*T301 and CD4gl (antibody fflixtme). Thevaluesinfliebody of the table 
aie the percentages of oeiDs killed (tesultiqg ^^Ct vdease) as calculated ficom the 
fQcmnla: %lysis » ((^m experimental xdease - ^m ipontaneous release) : (cpm 

15 majdmal release spontaneous rdease) X 100^ Spontaneous release was 

always less flian 15% of maximal release. Maxtmum release was detenmned 
afier lysis with IN HO. 

In Bxpeonsentn the badsground killing, Le,, diromium release in 
die pcesenoe of effector odls but in tte absence of antibodies, is higho^flian in 

20 Experiment L lliis conunody observed non-spec^ killing by T cdl dones is 

thou^t to depend on culture conditions. Furdiermore, in Exp. n the mixture of 
monospedfic antibodies alsoresdted in some killing of tiie infected^ but not the 
uninfected, cdls. IhEjqp. IItheM-T301 antibody was purified fcom 
transfectoma supernatant and presumably contained smaU amounts of bispecs. In 

25 Exp. I, the M-T301 antibody was purified fiom M-T301 hybridoma supernatant, 

and thus must have bem free of such contamination. 

In summary, Table 3 shows that bispecs are ^ective in killing 
mv-infecfad cdls in vitro. In Ex|)erinient I HeLa.T4 cdls, whether HIV- 
infected or not, were not killed by effector cells alone. However^ wh» we 

30 addedourbispecsataomoeotra&mof 1.6f£g/ml,26.8% of infected cdls ware 

killed at an effectorrtarget ratio of 0.5:1, while the uninfected cdls were not 
killed. AtaneEfeclontargetratioof 1:1, 40% of Reinfected, but only 2% of 
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uninfected cdls were killed. A mixluie of equal parts of bivalent CD47l,K 
tetramos and M-T301 antibodies did not cause lolling (bdow 0.7%). The effect 
of the bispecs di m inis hed at a Iowa conccDtration and was absent at 16 ng/ml. 
Howevar, in Experiment n this concoitration was still effective (in another 
expaiment not shown, 1.6 ng/ml showed some effect). As moitioned above, the 
bispec prqaration contained an equal amount of monospecific bivaloit CD4yl,K 
tetiamars, which do not hdp die killing, but which, due to their superior avidity 
(two binding sites vs. one), may rather preveit bispecs from binding to the target 
cells. Furflier purification of the bispecs should yield piqnrations that are 
somevidiat more efBcient. To alleviate the necessity for a tedious purificatiOT, 
mutations in die 7 chains that aUow only hetootogous paiiiog, i.e. Vjjyl with 
CD47I, can be selected. 

AU publicatioas and patent q>idications nwntioned in diis 
qwdfication are herein incorporated by refermce to the same extent as if eadi 

individual publication (»: patent {^plication was qiedfically and individually 
in dica t ed to be inoorpocated by reference. 

The inventim now beiqg fiilly described, it will be apparrat to one 
of ordinaiy skill in die ait tiiat many changes and modifications can be made 
thereto widuNit departing fhMn the spirit or scope of die appended claims. 
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WHAT IS CLAIMED IS 



1. A method for directing a cytotoxic T cell to an HIV-infected cell, which 
comprises: 

5 contacting said infected cell with a bispedfic pioteinaceous molecule 

comprising two binding domains, wherein said first binding domain comprises a 
CD4 region that binds to HIV gpl20 and said second binding domain comprises 
an anti-CD3 binding region, wheidn said molecule is other than a molecule 
consisting essentially of a CDA variable region domain or domains that bind to 
10 both HIV gpI20 and dass II MHC antigen fused to a complete antibody constant 

region as one half of a bispedfic antibody in which the second half of said 
bispedfic wSbody is a conqdete light/heavy antibody diain pair specific for 
CDS. 



15 2. The method of C3aim 1, ^iriieidn said bispedfic mcdec^ 

antibody wifli a ddelion of a faindii^ region spedfic fijr Fc lecqptor or a deletion 
of a a>4 binding xi^ion fiir dass n MHC antigen 

3. The method of Claim 2, whetdn said first bmding domain comprises a CD4 
20 domain or domains that is fiised to an antibody amstant region ta form a 

chimeric antibody chain. 

4* The method of Claim 3, whecdn said second binding domain comprises a 
variable region domain of an anti-CD3 antibody diain. 



25 



5. The method of Claim 1, whetdn said first binding domain and said second 
binding ^main are differmt regions of a single polypq)tide chain. 



30 



6. The method of Claim 5, wherdn said polypeptide cham comprises an N- 
teminus and a C-terminus and eadi of said fibcst and second binding domains is 
located at one or the odier of said termini. 
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7. The mefhod of Claim 6, wherein said first binding domain is located at said 
N-terminus and said second binding domain is located at said C-terminus. 

8. The method of Claim 7, wherein said first binding domain contains VjVj 
domains of CD4. 

9. The mediod of Claim 7, wherein said first binding domain contains V1V2V3V4 
domains of CD4. 

10. The method of Claim 1, wherein said bispecific molecule is present at a 
concentration of fitom at least 16 ng/ml in contact with said infected ceU. 

11. The method of Claim 1, whwein said cytotoxic T cell is a member of a 
collection of cytotoxic T cdls and said cytotoxic T cells are present at a ratio of 
firom 0.1:1 to 10:1, relative to infected cells, while in contact with said bispecific 
molecule and HIV-infected cells. 

12. The mettu)d of Claim l,wherem said infected cells are 1^ 

13. A pharmaceutical composition for directing a cytotoxic T cell to an HIV- 
infiected cell in vivo, whidi comprises: 

a bispecific proteinaceous molecule comprising two binding domains, 
wherein said first binding domain conqxrises a CD4 region that binds to HIV 
gpl20 and said second binding domain comprises an anti-CD3 binding region and 

a pharmaceutically acceptable carrier. 

14. The composition of Claim 13, wherein said bispecific molecule is a 
bispecific antibody. 

15. The composition of Claim 13, wherein said first binding domain consists 
essmtially of a CD4 variable region domain or domains and said second binding 
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jpniqifi consists essmtially of an anti-CD3 antibody vanable x^on domain or 
domains. 

16. Tbe conqx)sitiQn of Claim 13, wheidn said first binding domain comprises a 
5 CD4 variable region domain or domains that is fused to an antibody constant 

region to fonn a diimedc antibody diain. 

17. The composition of Claim 16, wherein said second binding domain 
cpnipnses a variable n^on of an anti-CD3 antibody chain. 

10 

18. TheconqKisitiQn of Claim 13, wherein said fim 

second binding domain axe d£Bkraitii^(ms of a siqgle polypeptide chain. 

19. The conipositionof Claim 18, wherein said polypqrtidedu^ 

15 N-terminns and a C^tenninus and each of said first and second binding domains 

is located at one or the other of said terminL 

20. The oompoation of Claim 19^, wheiein said first bindiqg domain is loca 
said N-terminus and said second binding domain is located at said C-terminus. 

20 

21. Thecon^odtionof Claim 13, whesdn said first binding domain cont^ 
V1V2 domains of CD4. 

22. The composition of Claim 13, wheiein said first binding domain contains 
25 ViVjV3V4 domains of CD4. 

23. The composition of Claim 13, wh^ein said coniposition further comprises 
a second active component suitable for tceating HIV-I infection. 



wo 93/08829 



PCT/US92/09550 



1/7 




FIG. I 



BEST AmiABLE Cur , 

SUBSTITUTE SHEET 



wo 93/08829 



2/7 



PCr/US92/09550 




FIG. 2 



BEST AVAILABLE Oor . 



SUBSTITUTE SHEET 



wo 93/08829 PCT/US92/09550 

3/7 



97.400- 
69,000' 

46,000- 



30,000' 



K 



18,300- 

1 2 3 

FIG. 3a 



BEST AVAILABLE COPY 

SUBSTITUTE SHEET 



wo 93/08829 



PCr/US92/09550 



-3 
-2 



92,600* 



69,000- 



46,000- w 



12 3 4 

reduced non-reduced 

FIG. 3b FIG. 3c 



BEST AVAILABLE COPY 

SUBSTITUTE SHEET 



wo 93/08829 PCr/US92/09550 

5/7 



non-reduced 



s 

9 




CD4-7i 



-7, 



A i k 

1 2 3 



FIG. 3d 



BEST AVAILABLE COPY 



SUBSTITUTE SHEET 



wo 93/08829 PCT/US92/09550 

6/7 




CD4-7i- Mi 



reducing non-reducing 



RG. 3e 



BEST AVAILABLE COPY 

SUBSTITUTE SHEET 



wo 93/08829 



PCr/US92/09550 



7/7 



*- non-reduced 



(D 
O 
3 

(D 



A A 

12 



FIG. 3f 



BEST AVAILABLE COPY 



CD4-7i 



SUBSTITUTE SHEET 



INTERNATIONAL SEARCH RETORT 



Inteniatioiua ^^lieation No. 
PCT/US92A)9550 



A. CLASSSMSCknm OF SUBJECT MATTER 
1PC(5) zACmW 



dasstficatkm and IPC 



B. FIELDS SEARCHED 



Muiimum docmncatrtioB iCMcfacd ( ch ii ti fici t i on ayfltem followed by ciaaaificatKm Sjnnbob) 
U.5. : 424/85.8 



Documc nt atinn i r ca t c h c rf other than minimmn documcniatfaii to the extent that tuch documents are included in the ficldi icarohcd 



Electionie data base 
DIALOG. APS 



consulted duriqg the imenalional search (name of data base and, wfaoDB pncticable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indieation, where appropriate, of the relevant passages 



Relevant to claim No. 



Lit J. Cancer, Volume 43. Issued 1989. 1, van Duk et aL. "Induction of tumoiHxll Lysis 
by bi-specific monoclonal antibodies reeogni&qg renal-cell carnnoma and CD3 anttgen'. 
pages 344-349. entire document 

Clin. Exp. ImmunoloL, Vohune 79, Issued 1990, S. SoQgsivilai et aL, "Bispedfic 
andbody: a tool for dugnoais and treatment of disease", pages 315-321, especially page 318 

Nature, 337, Issued 09 Pebntaiy 1989 (London, GB). D J. Capon et aL, 'Designing CD4 
immunoadhe^ for AIDS Ihetiyy", pages 525-530. Endre document 



13-23 



1-23 



1-23 



I Further doouBCBla are listed in the continuation of Box C. Q See patent family annex. 



A' 



10 be put of puiMtf ideneflD 



of HI vUcb ii Bol eomilcnd 



Bn»tM»lliliQS<^ 

diie iod BOt io oottffici with Ihe ippiiettioa btt dttd to t 
pfioc^rfo or tfwoiy wdoffyiof die I 



Idito 



C&td IB 

do 



( fcfentaf l» « on! 



OB pnonqr cnnmp or wbigd it 
Mb of oDott 



^tpub P AeJ priur SB S 
diB pnoriQf dito okdioBd 



IfiliBf diCBfaollilcrtea 



to ■fvolw OD wcobve ilcp wtic& the 
oaabbfld with ooe or Boi« other HMh doeoaKDto, okI 
beats ofaviooi 10 B poMO skilled m dte ut 

doenmeBliDenber of the mne patent temly 



Bvaotioo CUMI be 



Date of the actual completion of the mtemational seareh 
08 JANUARY 1993 



Date of mailing of the international search report 



29 JAM w 




Name and mailing address of the ISA/ 
Commiinoner of Pitento and T nd emsi fcs 

Box PCT 

Wtihington, D.C. 20231 
FacaimUeNo. NOTAPPUCABLE 



Authorized ofBcer 

F. CHRISTOffiER EISENSCHENK, PH.D. 
Telephone No> a03) 308-0196 



Fonn KTnS/MlQ (second sheetXIuly 1992)* 



